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NEMS TRANSPORTATION SECTOR MODEL

1. INTRODUCTION

Statement of Purpose

This report documents the objectives, analytical approach and development of the National Energy
Modeling System (NEMS) Transportation Model (TRAN). The report catalogues and describes the
model assumptions, computational methodology, parameter estimation techniques, model source
code, and forecast results generated by the model.

This document serves three purposes. First, it is a reference document providing a detailed
description of TRAN for model analysts, users, and the public. Second, this report meets the legal
requirements of the Energy Information Administration (EIA) to provide adequate documentation
in support of its statistical and forecast rep{Pisblic Law 93-275, § 57(b)(1)Yhird, it permits
continuity in model development by providing documentation from which energy analysts can
undertake model enhancements, data updates, and parameter refinements.

Model Summary

The NEMS Transportation Model comprises a series of semi-independent models which address
different aspects of the transportation sector. The primary purpose of this model is to provide mid-
term forecasts of transportation energy demand by fuel type including, but not limited to, motor
gasoline, distillate, jet fuel, and alternative fuels (such as CNG) not commonly associated with
transportation. The current NEMS forecast horizon extends to the year 2020 and uses 1990 as the
base year. Forecasts are generated through the separate consideration of energy consumption within
the various modes of transport, including: private and fleet light-duty vehicles; aircraft; marine,
rail, and truck freight; and various modes with minor overall impacts, such as mass transit and
recreational boating. This approach is useful in assessing the impacts of pibiady s,
legislative mandates which affect individual modes of travel, and technological developments.

The model also provides forecasts of selected intermediate values which are generated in order to
determine energy consumption. These elements include estimates of passenger travel demand by
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automobile, air, or mass transit; estimates of the efficiency with which that demand is met;
projections of vehicle stocks and the penetration of new technologies; and estimates of the demand
for freight transport which are linked to forecasts of industrial output. Following the estimation of
energy demand, TRAN produces forecasts of vehicular emissions of the following airborne
pollutants by source: oxides of sulfur, oxides of nitrogen, carbon monoxide, and volatile organic
compounds.

Model Structure

The transportation sector encompasses a variety of vehicular modes which, in general, bear little
physical resemblance to each other, save for their intended purpose of conveying passengers or
freight. Consequently, these modes are addressed in separate modules whose interrelationship is
tenuous, at best. Transportation sector energy consumption is the sum of energy consumption
forecasts generated within each of these modules. Each module, in turn, may comprise more than
one submodel, consistent with the methodological requirements of the sector, and commensurate
with the relative impact the sector has on overall transportation demand. The NEMS Transportation
Model consists of the following seven modules: Light-Duty Vehicle, Light Duty Stock, Light Duty
Fleet, Air Travel, Freight Transport, Miscellaneous Transport, and Emissions. The components of
these modules are briefly described in turn below.

Light-Duty Vehicle (LDV) Module

The LDV Module is the most extensive of thedules in TRAN, owing to the overwhelming
contribution of automobile and light-truck use to total transportation energy demand. Forecasts of
stocks and efficiencies of cars and light trucks are generated, disaggregated by vehicle size class,
vintage, and engine technology, using the following submodels.

Fuel Economy Model (FEM)

The Fuel Economy Model uses estimates of future fuel prices, economic conditions, and the impact
of legislative mandates to forecast the economic market share of numerous automotive technologies
within seven vehicle size classes, and the consequent impact on stock fuel efficiency of new
vehicles. The results are subsequently used as inputs to other components of the Transportation
Model.
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Regional Sales Model (RSM)

The Regional Sales Model is a simple accounting mechanism which uses exogenous estimates of
new car and light truck sales, and the results of the FEM to produce estimates of regional sales and
characteristics of light duty vehicles, which are then passed to the Light Duty Stock Model.

Alternative Fuel Vehicle (AFV) Model

The Alternative Fuel Vehicle Model uses estimates of new car fuel efficiency, obtained from the
FEM, and fuel price estimates generated by NEMS to generate market shares of each considered
technology, as well as the overall market penetration of alternative fuel vehicles. This model is
useful both to assess the penetration of AFV's and to allow analysis of policies that might impact
this penetration.

Light-Duty Vehicle Stock Module

LDV Stock Accounting Model

The LDV Stock Accounting Model takes sales and efficiency estimates for new cars and light trucks
from the LDV and LDV Fleet Modules, determines the number of retirements of older vehicles and
additions of fleet vehicles, and returns estimates of the number and characteristics of surviving
vehicles.

Vehicle-Miles Traveled (VMT) Model

The VMT Model is the travel demand component of the LDV Stock Module which uses NEMS
estimates of fuel price and personal income, along with population projections, to generate a forecast
of the demand for personal travel. This is subsequently combined with forecasts of automotive
stock efficiency to estimate fuel consumption by the existing stock of light duty vehicles.

Light-Duty Vehicle Fleet Module

The Light-Duty Vehicle Fleet Module generates estimates of the stock of cars and light trucks used
in business, government, and utility fleets. The model also estimates travel demand, fuel efficiency,
and energy consumption by these fleet vehicles prior to theirticanso the private sector at
predetermined vintages.
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Air Travel Module

The air travel component of the NEMS Transportation Model comprises two separate submodels:
the Air Travel Demand Model and the Aircraft Fleet Efficiency Model. These models use NEMS
forecasts of fuel price, macroeconomic activity, and population growth, as well as assumptions
about aircraft retirement rates and technological improvements to generate forecasts of passenger
and freight travel demand and the consequent fuel consumption.

Air Travel Demand Model

The Air Travel Demand Model produces forecasts of passenger travel demand, expressed in revenue
passenger-miles (RPM), and air freight demand, measured in revenue-ton miles (RTM). These are
combined into a single demand for seat-miles (SMD), and passed to the Aircraft Fleet Efficiency
Model, which adjusts aircraft stocks in order to meet that demand.

Aircraft Fleet Efficiency Model (AFEM)

The Aircraft Fleet Efficiency Model is a structured accounting mechanism which, subject to user-
specified parameters, provides estimates of the number of narrow- and wide-body aircraft required
to meet the demand generated in the preceding model. This model also estimates aircraft fleet
efficiency using a weighted average of the characteristics of surviving aircraft and those acquired
to meet demand.

Freight Transport Module

The Freight Transport Module uses NEMS forecasts of real fuel prices, trade indices, coal
production, and selected industries' output from the Macroeconomic Model to estimate travel
demand and energy consumption in each of three primary freight modes: truck, rail, and marine.
This component also provides estimates of modal efficiency growth, driven by assumptions about
systemic improvements and modulated by fuel price forecasts.

Miscellaneous Energy Use Module

The Miscellaneous Energy Use Module addresses transportation-related energy demands which can
not readily be allocated to any of the preceding modules. These include: military fuel consumption,
mass transit, recreational boating, and automotive lubricants.
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4 NEMS Transportation Demand Model Documentation Report



Vehicle Emissions Module

The Vehicle Emissions Module receives estimates of energy travel demand and consumption, by
mode, from all of the preceding modules, and calculates vehicular emissions based on both the mix
of vehicle technologies utilized over time, and the age distribution of these vehicles.

Model Archival Citation

Archived as part of the NEMS production runs for Amual Energy Outlook 2000

Report Organization

Chapter 2 of this report discusses the purpose of the Transportation Model, detailing its objectives,
primary input and output qudties, and the relationship of TRAN to the other modules of the
NEMS system. In Chapter 3, each of the constituent modules is addressed in detail, describing the
rationale behind the module's design. Where appropriate, alternative methodological approaches
to the issues raised in each module are presented, thus permitting a ready comparison with the
approaches chosen for NEMS. Each module's structure is then presented in detail, illustrating model
flows and key computations. Chapter 4 provides an overview of the principal assumptions
employed in constructing the Transportation Model.

The Appendices contained in Volume Il documents technical detail on model data and equations
and sensitivity analysis and scenario output in support of the documentation of model performance.
Appendix A lists and defines the input and output variables. Appendix B is a bibliography of
reference materials used in the development process. Appendix C consists of a model abstract.
Appendix D discusses data quality and estimation methods. Appendix E contains a number of
attachments which are meant to provide insight into the historical development of the NEMS
Transportation Sector Model. Finally, Appendix F comprises two reports used in the development
of the Fuel Economy Model.

Energy Information Administration
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2. MODEL PURPOSE AND SCOPE

Objectives

The development of the NEMS Transportation Model has achieved four objectives. First, it
provides a policy-sensitive representation of the transportation sector within NEMS. Second, it
generates mid-term forecasts (twenty years) of transportation energy demand at the census division
level in support of the development of #tenual Energy OutlookAEO). Third, it increases the

level of disaggregation provided in previous transportation models, and fourth, it incorporates
endogenous forecasts of the effects of technological innovation and vehicle choice.

Model Overview

The Transportation Model is a loosely-knit group of submodules which are sequentially executed
in a series of program calls. The flow of information between these modules is depicted in Figure
2-1. The model receives inputs from NEMS, principally in the form of fuel prices, vehicle sales,
economic and demographic indicators, and estimates of defense spending. These inputs are
described in greater detail in the following section.

The first module executed is the Light Duty Vehicle (LDV) Module, which addresses the
characteristics of new cars and light trucks. This module comprises a series of submodels which
provide estimates of new LDV fuel @@omy, the market shares of alternative fuel vehicles, and
sales of vehicles to fleets. This information is passed to the LDV Fleet Module, a stock vintaging
model which generates estimates of travel demand, fuel efficiency, and energy consumption by
business, government, and utility fleets. The LDV Fleet Module subsequently passes estimates of
vehicles transferred from fleet to private service to the LDV Stock Module, which also receives
estimates of new LDV sales and fuel efficiency from the LDV Module. The LDV Stock Module
generates driving, fuel economy, and fuel consumption estimates of the entire stock of those light
duty vehicles which are not owned by fleets. Information from the LDV Stock Module is
subsequently passed to the Miscellaneous Energy Use Module.

The Air Travel Module receives macroeconomic and demographic input from NEMS, including jet
fuel prices, population, per capita GDP, disposable income and merchandise exports, and
subsequently uses an econometric estimation to determine the level of travel demand and a stock
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vintaging model to determine the size and characteristics of the aircraft fleet required to meet that
demand. The output of this module also includes an estimate of the demand for jet fuel and aviation
gasoline, which is subsequently passed to the Miscellaneous Energy Use Module. The Freight
Transport Module uses NEMS forecasts of real fuel prices, trade indices, and selected industries'
output to estimate travel demand and energy consumption in each of three primary freight modes:
truck, rail, and marine. Travel and fuel demand estimates are subsequently passed to the
Miscellaneous Energy Use Module.

The Miscellaneous Energy Use Module receives estimates of military expenditures from NEMS to
generate military fuel demand estimates; travel demand estimates from the LDV Stock Module and
fuel efficiency estimates from the Freight Transport Module are used to calculate regional fuel
consumption by mass transit vehicles; estimates of disposable personal income from NEMS are used
to calculate the demand for fuel used in recreational boating; and the aggregate demand for highway
travel, obtained from the preceding modules is used to estimate the demand for lubricants used in
transportation.  Finally, the Emissions Module uses estimates of travel demand and fuel
consumption from all the preceding modules to determine the production of airborne pollutants.

The Transportation Model then sends information on regional fuel consumption, travel demand, fuel
economy, and emissions by transport mode and vehicle type back to NEMS, where it is integrated
with the results of the economic and supply models.

Input and Output

In order to generate forecasts, the Transportation Model receives a variety of exogenous inputs from
other NEMS modules. The primary source of these inputs is the Macroeconomic Model, which
provides forecasts of economic and demographic indicators. Other inputs exogenous to TRAN but
endogenous to NEMS include fuel prices forecasts from the various supply models. A complete
listing of NEMS inputs to TRAN is provided in the table below.

A large number of data inputs exogenous to NEMS are supplied to the TRAN modules described
above. These data sets remain constant throughout the forecast, and, to that extent, constitute a set
of assumptions about current and future conditions. A comprehensive list of these invariant inputs,
under the classification "data inputs", is provided in Table A-1 of Appendix A.
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Table 2-1. Inputs to TRAN from Other NEMS Models

NEMS Macro Model: NEMS Supply Models: Prices ||

Economic and ] ] o JL
Demographic Indicators Oil & Gas Petroleum Marketing Renewables Electricity Market
® Merchandise Exports | ® LPG ® Motor Gasoline e FEthanol ® FElectricity
® Gross Domestic Product ® CNG e Distillate
(GDP) ® Residual Fuel Oil
® GDP Deflator ® Methanol
® Disposable Income e Jet Fuel
e U.S. Population ® Aviation Gasoline

e U.S. Population over 16

® U.S. Population over 60

® Industrial Output by SIC
Code

® Defense Spending

The Light Duty Vehicle Module, with its numerous submodels, requires the largest number of
exogenous inputs. In the Fuel Economy Model, these inputs include the characteristics of the
considered automotive technologies, such as their effects on vehicle horsepower, weight, fuel
efficiency, and price. Vehicle characteristics in the AFV Model are similarly obtained, with vehicle
price, range, emissions levels, and relative efficiency being read in from an external data file.

The LDV Stock Module uses vintage-dependent constants such as vehicle survival and relative
driving rates, and fuel economy degradation factors to obtain estimates of stock efficiency.

The Air Travel Module receives exogenous estimates of aircraft load factors, new technology
characteristics, and aircraft specifications which determine the average number of available seat-
miles each plane will supply in a year. The Freight Module receives exogenous estimates of freight
intensity and modal shares. Finally, the Emissions Module is supplied a set of coefficients which
associate energy use by vehicle and fuel type with the consequent emissions of each of the six
airborne pollutants considered by the model.

Each submodel performs calculations at a level of disaggregation commensurate with the nature of
the mode of transport, the quality of the input data and the level of detail required in the output. For
example, the FEM addresses seven size classes of car and light truck, while the Stock and the AFV
Modules consider six separate classes. The Transportation Model maps the output of each submodel
into variables of the appropriate dimension for use in subsequent steps. Due to the lack of a uniform
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stratification scheme among the various transportation sectors, the primary dimensions across which
key variables vary in TRAN are discussed in the individual module descriptions in the following
section.

As described previously, the Transportation Model produces forecasts of travel demand,
disaggregated by census division, vehicle and fuel type; conventional and alternative vehicle
technology choice; vehicle stock and efficiency; energy demand, by vehicle and fuel type; and
emissions of specific airborne pollutants. Within NEMS, TRAN has an interactive relationship with
the Macroeconomic Module and the various supply modules, which provide the prices of
transportation-related fuels at a given level of demand. In each year of the forecast, NEMS
performs several iterations in order to derive a set of fuel prices under which supply and demand
converge. The reliance of each of the submodels in TRAN on these economic and price inputs is
made clear with the detailed model specifications in the following section.
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Figure 2-1.

NEMS and the NEMS Transportation Sector Model
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3. MODEL RATIONALE AND STRUCTURE

As described above, the NEMS Transportation Model is made up of an array of separate modules,
each addressing different aspects of the transportation field. In order to provide a consistent and
lucid presentation of TRAN, each of these modules are discussed separately; where appropriate,
individual module components are separately considered. Each section describes the general
theoretical approach to the issue at hand, the assumptions which were incorporated in the
development of the model, the methamtpy employed in preztessor models, and alternative
approaches which were considered.

The key computations and equations of each module are then presented, in order to provide a
comprehensive overview of the Transportation Model. The equations follow the logic of the
FORTRAN source code very closely to facilitate an understanding of the code and its structure. In
several instances, a variable name will appear on both sides of an equation. This is a FORTRAN
programming device that allows a previous calculation to be updated (for example, multiplied by
a factor) and re-stored under the same variable name.

Flowcharts are provided both within the text and at the end of each section. Those embedded within
the "Model Structure" portion of the explanatory text give a general overview of each Module's
structure, its interactions with other Modules within TRAN, and its input requirements from other
NEMS Models. Flowcharts found at the end of each section are intended to be detailed, self-
contained representations of Module calculations. Thus, for the sake of clarity, origins and
destinations of external information flows are not specified.

The various appendices following this section provide additional information on the model
development process, including background research which contributed to the quantification of the
various relationships influencing model output.
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3A. Light Duty Vehicle Module

This module tracks the purchases and retirements of cars and light trucks, forecasts their fuel
efficiency, and estimates the consumption of a variety of fuels, based on projections of travel
demand. The LDV Module is divided into three separate sections: the Fuel Economy Model, the
Regional Sales Model, and the Alternative Fuel Vehicle Model. Due to the differing methodological
approaches and data requirements, each section is presented individually.

3A-1. Fuel Economy Model

The Fuel Economy Model (FEM) is a subcomponent of the Light Duty Vehicle segment of the
NEMS Transportation Model. FEM produces estimates of new light duty vehicle fuel efficiency
which are then used as inputs to other components of the Transportation Model.

RATIONALE

The FEM is a significant component of the Transportation Model because the demand for automotive
fuel is directly affected by the efficiency with which that fuel is used. Due to the disparate
characteristics of the various classes of light duty vehicle, this model addresses the commercial
viability of up to fifty-nine separate technologies witharch of fourteen vehicle market classes, four
corporate average fuel economy (CAFE) groups, and fifteen fuel types. The seven automobile market
classes include five classes based on interior passenger volume, ranging from "minicompact” to
"large"”, and classes for "sports" and "luxury" cars. The seven classes of light truck are based mainly
on utility and inertia weight and include vans, pickupdityuvehicles and mini-trucks. Market
classes for automobiles and light trucks are described in more detail in Appendix A, Table A-2. The
four groups for which CAFE standards are set are: Domestic Cars, Import Cars, Domestic Trucks,
and Import Trucks.

The fuel economy of the fleet of new vehicles can change as a result of four factors:

1) A change in technological characteristics of each vehicle

2) A change in the level of acceleration performance of vehicles
3) A change in the mix of vehicle classes sold

4) A change in vehicle safety and emission standards.

Over the last 15 years, the single factor with the largest effect on fuel economy was the changing
technological characteristics of cars. Except for the period immediately following the second oll
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shock of 1979, the vehicle class mix has not had a very large effect on fuel economy since the mix
changes have not been large. In the last five years, rapidly increasing performance levels have had
a significant impact on fuel economy.

The Fuel Economy Model developed for NEMS considers each of the first three factors when
projecting fuel economy in the future. To forecast technological change, the entire fleet of new cars
and light duty trucks are disaggregated into fourteen market classes (seven each for cars and light
trucks) that are relatively homogenous in terms of consumer perceived attributes such as size, price
and utility. Technological improvementsdach of these market classes are then forecast based on
the availability of new technologies to improve fuel economy as well as their cost effectiveness under
two user-specified alternative scenarios. The central assumptions involved in this technological
forecast are as follows:

1) All manufacturers can obtain the same benefits from a given technology, provided
they have adequate lead time (i.e., no technology is proprietary to a given
manufacturer in the long term).

2) Manufacturers will generally adopt technological improvements that are perceived as
cost-effective to the consumer, even without any regulatory pressure. However, the
term cost-effectiveness needs to be interpreted in the manufacturer's context.

These forecasts also account for manufacturer lead time and tooling constralintst thatrate of

increase in the market penetration of new technologies. Users of the model are able to specify one
of two scenarios under which these forecasts are made. The first, identified as the "Standard
Technology Scenario”, permits the consideration of fifty-nine automotive technologies whose
availability and cost-effectiveness are either well-documented or conservatively estimated. The
second, identified as the "High Technology Scenario”, augments the Standard Scenario with five
additional technologies, and modifies selected characteristics of the original matrix to render a more
optimistic assessment of the cost and avditlplof technological improvements. All of the
considered technologies and their associated characteristics are tabulated in Appendix A. Based on
the technological improvements adopted, a fuel economy forecast assuming constant performance
is developed for each of the market classes.

The fuel economy forecast must then be adjusted to account for changes in consumer preference for
performance. The demand for increased acceleration performance for each size class is estimated
based on an econometric equation relating fuel prices and personal disposable income to demand for
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performance or horsepower, by market class. This relationship is used to forecast the change in
horsepower, which is then used to forecast the change in fuel economy through an engineering
relationship that links performance and fuel economy.

Finally, the change in the mix of market classes sold is forecast as a function of fuel price and personal
disposable income only and is documented in Appendix D, page D-1, of this report. The sales mix
by class is used to calculate fleet fuel economy. The econometric model was derived from regression
analysis of historical sales mix data over the 1978-1990 period. The model forecasts sales mix for
the 7 car classes and the 7 light truck classes, while import market shares are held at fixed values by
market class based on EEA estimates.

The model also allows specification of Corporate Average Fuel Economy (CAFE) standards by year,
and of differential standards for domestic and import vehicles, as well as the penalty (in dollars) per
car per mile per gallon below the standard. The standardscanented for in the fecast by
incorporating the penalty into the technology cost-effectiveness calculation. Hence, if the penalty is
not large, the model assumes that manufacturers will adopt fuel-saving technology as long as it is
cost-effective; that is, until the point where it becomes cheaper to pay the penalty for noncompliance.
Thus, the model allows companies to choose non-compliance with CAFE standards as a cost-
minimizing strategy, as may occur if penalties are set at unrealistic levels relative to the difficulty of
achieving the CAFE standards.

Finally, the model also accounts for all known safety and emission standard changes during the
forecast period. These are generhifyited to the1990-2005 time frame, however. Emission
standards and safety standards increase vehicle weight, and in some cases decrease engine efficiency.
The model accounts for the 1994 Tier | emission standards as well as the 2001+ Tier Il emission
standards, but doewot envisage that the California "Low Emission Vehicle" standards will be
adopted nationwide. Safety standards include fuel economy penalties for air bags, side intrusion and
roof crush (rollover) strength requirements that are mandatory over the next ten years. Separately,
anti-skid brakes are assumed to be incorporated in all vehicles, although they are not required by law.

ALTERNATIVE SPECIFICATIONS

The methodology described is implemented in the Fuel Economy Model (FEM) which builds from
the earlier Technology/Cost Segment Model (TCSM) which was developed for the Department of
Energy. The FEM, however, has two changes relative to the TCSM, as detailed below:

1) The FEM forecast aggregates all manufacturers by domestic and import, while the
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TCSM forecasts fuel economy by manufacturer for all domestic and several select
import manufacturers

2) The FEM technology data is more recently updated, and captures technologies that
could be available over the next 40 years, whereas the TCSM incorporates only near
term technology data.

As a result of its longer term focus, the FEM incorporates a more sophisticated technology adoption
and market penetration calculation algorithm than the one incorporated in the TCSM. The adoption
algorithm accounts for real world effects when cost-ineffective technologies are introduced in luxury
cars for image or for performance reasons.

The forecasts are calculated at the most disaggregate level of manufacturer type (domestic/ import),
vehicle type (car/light truck) and market class. Cars and light trucks are each separated into seven
market classes. Each market class represents an aggregation of vehicle models that are similar in size
and price, and are perceived by consumers to offer similar attributes. The car classes are similar to
the EPA size classes except for the addition of sports and luxury classes that are not defined on the
basis of interior volume. In addition, the classes utilized here are based on passenger volume, not
passenger and trunk volume as per EPA, which results in some hatchback models differing in
classification. Truck classification is essentially identical to the EPA classification. This leads to a
total of 28 possible classes (7 classes x 2 vehicle types x 2 manufacturer types) but some have no
vehicles, e.g., there are no domestic minicompact cars. The net result is 22 different classes which
are individually forecast to 2030.

MODEL STRUCTURE

The Fuel Economy Model (FEM) uses a straightforward algorithm to forecast fuel economy by
vehicle class. FEM begins with a baseline, describing the fuel economy, weight, horsepower and
price for each vehicle class in 1990. In each forecast period, the model identifies technologies which
are available in the current year. Each available technology is subjected to a cost effectiveness test
which balances the cost of the technology against the potential fuel savings and the value of any
increase in performance provided by the technology. The cost effectiveness is used to generate an
economic market share for the technology.

In certain cases there are adjustments which must be made to the calculated market shares. Some of
these adjustments reflect engineering limitations to what may be adopted. Other adjustments reflect
external forces that require certain types of technologies; safety and emissions technologies are both
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in this category. All of these adjustments are referred to collectively as "Engineering Notes." There
are four types of engineering notddandatory, Requires, SynergistiadSupersedesThese are
described in detail in the following sections.

After all of the technology market shares have been determined, the baseline values for the vehicle
class are updated to reflect the impact of the various technology choices on vehicle fuel economy,

weight and price. Next, based on the new vehicle weight, a no-performance-change adjustment is
made to horsepower. Then, based on income, fuel economy, fuel cost, and vehicle class, a perfor-
mance-change adjustment is made to horsepower. Finally, the fuel economy is adjusted to reflect the
new horsepower.

Once these steps have been taken for all vehicle classes, the Corporate Average Fuel Economy
(CAFE) is calculated for each of the four groups: Domestic Cars, Import Cars, Domestic Trucks and
Import Trucks. Each group is classified as either passing or failing to meet the CAFE standard.
When a group fails to meet the standard, penalties are assessed to all of the vehicle classes in that
group, which are then reprocessed through the market share calculations. In this second pass, the
technology cost effectiveness calculation is modified to include the benefit of not having to pay the
fine for failing to meet CAFE. After this second pass the CAFEsasdaulated. No further action

is taken to force CAFE compliance; vehicles in failing groups are assumed to simply pay the fine.
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Figure 3A-1.
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I. ESTABLISH AFV CHARACTERISTICS RELATIVE TO GASOLINE ICE

The initialization subroutineAFvADJ, calculates the base year price, weight, fuel economy and
horsepower for the alternative fuel vehicles. Most of these are set relative to the gasoline vehicle
values as shown in the following equations. All of the incremental adjustments used for alternative
fuels have been exogenously determined and are included in the Block Data section of the code.

Calculate AFV base year values for automobile prices at different production levels.
a) Mini, Sub-Compact, Sports and Compacts at 2,500 units/year

PI:\)lCEBaseYeau:ueIType = PR'CEBaseYeaGasoline+AFVAD‘] PaueITypel (1)

where:
AFVADJPF(,1) = the incremeal price adjustment for a low productiéV car

b) Midsize and Large at 2,500 units/year

AFVADJPR  irvoe FAFVADIPR, i "
PR|CEBaseYeaFuelType: PR|CEBaseYeaGasoline+ — Y 5 Salb/s (2)

where:
AFVADJPF(,2) = Incremeal price adjustment for a low productiéiV truck

c) Luxury vehicles at 2,500 units/year

PRI CEBaseYea,FueIType = PRI CEBaseYea,(.‘aasoline+2 *AFVADJP aueITypel (3)

d) Mini, Sub-Compact, Sports and Compacts at 25,000 units/year

PRICEH 'BaseYeaFueIType = PRIC EBaseYea,Gasoline+AFVAD‘J P aueITypeS (4)

where:
AFVADJPF(,3) = Incremeial price adjustment for a high productidfV car
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e) Midsize and Laye at 25,000 unitgéar

PI:\)lCEH'BaseYeau:ueIType - PRlCEBaseYeat.‘aasoline+ 2

where:
AFVADJPF(,4) = Incremeial price adjustment for a high productidfV truck

f) Luxury at 25,000 unitgear
PI:\)lCEH'BaseYeau:ueIType = PI:\)lCEBaseYeat.‘aasoline+2*AFVAD‘]PaueIType3

Calculate AFV basgear values for diht duty truck prices at differenproduction levels.
a) Standard Piclps, Standard Vans and Standard Wtiit 2,500 unitsfear

PI:\)lCEBaseYeau:ueIType = PR'CEBaseYeaGasoline+AFVAD‘] PaueITypez

b) Mini, Conpact Picky, Conpact Van and Copact Utility at 2,500 unitsfear
AFVADJIPR, o1ypes PAFVADIPR o110

PRI CEBaseYeaFueIType = PRI CEBaseYeam‘aasoIine+ 2

c) Standard Piclps, Standard Vans and Standard Wtdit 25,000 unitgear
PI:\)lCEH'BaseYeau:ueIType = PI:\)lCEBaseYeat.‘aasoline+AFVAD‘JPaueIType4

d) Mini, Conpact Pickyp, Conpact Van and Copact Utility at 25,000 unitgear

AFVADJIPR, i1ypes AFVADIPR i1y s

PRICEH 'BaseYeaFueIType = PRIC EBaseYeaGasoIineJr 2

Calculate basgearprices for all electric ybrid vehicles.
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Electric Hybrid vehicles have an additional price adjustment in addition to those made above. This
adjustment applies to both cars and trucks. Note that these adjustments refer to the cost reduction
learning curve for Ni-MH batteries. This is because the EV/Hybrid cost reduction curve begins at
the same time and proceeds at the same rate as that for Ni-MH batteries.

a) Electric Hybrid at 2,500 units/year

PRIC - PRIC +| NIMHY$COS < AFVADJP . WEIGHT e veagasoine
EBaseYeaEIectricHybrid - EBaseYeaEIectricHybrid -EaseYear |%IectricHybrid3 WEIGHT (11)

MidsizeBaseYeatGasoline,

where:
AFVADJPF(11,3) = Incremdal price adjustment for a midsize car EV/Hybrid
WEIGHT 461, = Weight of a midsize car.
NIMHY$COST = Cost reduction learning curve for a Ni-MH battery

b) Electric Hybrid at 25,000 units/year (note differeRICESubscript)

PRICEH - PRIC +| NIMHY$COS +AFVADJP . WEIGHTs.seveagasoine
'BaseYeaEIectricHybrid - EBaseYeaGasoIine -EaseYear |%IectricHybrid3 WEIGHT (12)

MidsizeBaseYeatGasoline,

Calculate base year values for such AFV characteristics as fuel economy, weight, and horsepower.
a) Fuel Economy Calculation

FE (1+AFVADJFEFueITypg (13)

BaseYeaFuelType = I:EBaseYea,tiaasoIine>'<

where:
AFVADJFE = Fuel economy adjustment|atéve to gasoline, for an AFV

b) Weight Calculation
WEIGHT, = WEIGHT, * (L+AFVADIWT,rypd (14)

BaseYeagFuelType BaseYeaGasoline

where:
AFVADJWT = Weight adjustment, l&tive to gasoline, for an AFV

Horsepower Calculation
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HPBaseYeaFueIType = HPBaseYea,Gasoline>'< (1+AFVAD‘]HFI):ueITpr (15)
where:
AFVADJHP = Horsepower adjustment]atve to gasoline, for an AFV
1. CALCULATE TECHNOLOGY MARKET SHARES

FEM first determines the cost effective market shares of technologies for each vehicle class and then
calculates the resulting Fuel Economy, Weight, Horsepower and Price through the subroutine
FEMCALC. In each forecast period this function is called twice. During the first pass, technology
market shares are calculated for all vehicle classes. Inthe second pass, the technology market shares
are recalculated for vehicles in groupbrfg to meet the CAFE standards. During this pass, the cost
effectiveness calculation is adjusted to include the regulatory cost of failing to meet. CKWEE

vehicle group continues to fail to meet CAFE standards after the second pass, no further adjustments
to technology market shares are made. Rather, it is assumed that the manufacturers simply pay the
penalty.

For each vehicle class, FEMCALC follows these steps:

A. Calculate the economic market share for each technology
B. Apply the engineering notes to control market penetration
- Adjust the economic market shares though application of the mandatory, supersedes
and requires engineering notes
- Adjust the fuel economy impact through application of the synergy engineering

notes
C. Calculate the net impact of the change in technology market share on fuel economy, weight
and price
D. Estimate EV and Fuel Cell Characteristics
E. Adjust horsepower based on the new fuel economy and weight
F. Readjust fuel economy based on the new horsepower, and price based on the change in
horsepower

! See the variable REGCOST in Equation 6. During pass 1 REGCOST has a value of 0. During pass 2 it is set to
REG$COST, which is a user input.
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Each step is described in more detail below. Readers should note that all of the calculations in this
section take place within loops by Group, Class, and Fuel Type. In the interest of legibility, these
dimensions are not shown in the subscripts.

A: Calculate the economic market share for each technology

The cost effective market share calculation for each technology is based on the cost of the
technology, the present value of the expected fuel savings and the perceived value of performance.
These are addressed in turn below.

Fuel Savings Value

The "expected" price of fuel is based on the rate of change of fuel prices over a two year period prior
to the year when the technology adoption decision is made. The time decision to introduce a
particular technology is made at least three years before actual introduction in the marketplace, and
is based on the expected fuel prices at the time of introduction rather than actual fuel prices. The
expected present value of fuel savings is dependant on the "expected" price of fuel, how long the
purchaser is willing to wait to recover the initial investment (the payback period); and the distance
driven over the period. This estimation involves the following three steps:

Calculate the fuel cost slopes{oprg, used to extrapolate linearly the expected fuel cost over the
desired payback period, constraining the value to be equal to or greater than zero:

MAX (0,FUELCOST, s, -~ FUELCOST, )

PSLOPE = > (16)
where:
FUELCOST = The cost of fuel in the specified prior years
Calculate the expected fuel pricagr(CES$EX in year i (where i goes from 1 fAYBACK):
PRICEBEX, = PSLOPE * (i+2) + FUELCOST g5 (17)
Calculate the expected present value of fuel savingm §AVE) over the payback period:
PAYBACK 1 1
FUELSAVE_ = Y  VMT =« -
i=1 FEvear: (1 + DELSFE * FEygpry) (18)

« PRICEBEX * (1 + DISCOUNT)™
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where:
VMT = Annual vehicle-miles traveled
itc = The index representing the technology under consideration
FE = The fuel economy
DELS$FE = The fractional change in fuel economy associated with techritdogy
PAYBACK = The user-specified payback period
DISCOUNT = The user-specified discount rate

Technology Cost

Technology cost has both absolute and weight dependant components. The absolute component is
a fixed dollar cost for installing a particular technology on a vehicle. Most technologies are in this
category. The weight dependant component is associated with the material substitution technologies.
In these technologies a heavy material is replaced with a lighter one. The technology cost is a
function of the amount of material, which is in turn a function of how heavy the vehicle was to begin
with. The technology cost equation includes both components, although in practice one or the other
term is always zero:

TECHCOST, - DEL$COSTABS + [DEL$COSTWGT, * (SIGN » DELSWGTWGT,)

(19)

* WElGHTbaseyeal

where:
TECHCOST = The cost per vehicle of technoldgy
DEL$SCOSTWGT = The weight-based change in cost ($/Ib)
DEL$WGTWGT = The fractional change in weight associated with technitogy
WEIGHT = The original vehicle weight
SIGN = +1 if del$wgtwgt is greater than or equal to zero, -1 if del$wgtwgt is less than zero.

Performance Value

Although there are a number of technological factors which affect the perceived "performance” of
a vehicle, in the interests of clarity and simplicity it was decided to use the vehicle's horsepower as
a proxy for the general category of performance. An increase in horsepower is assumed to reduce
the fuel economy based on the relationship given in Equation 22. The perceived value of performance
is also a factor in the cost effectiveness calculation. The value of performance for a given technology
is positively correlated with both income and vehicle fuel economy and negatively correlated with fuel
prices. In addition, purchasers of sports and luxury vehicles tend to place a higher value on
performance:
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INCOM FE + (1 + DELSFE,
VALSPERF,, = VALUEPERE, * Sem , FEreana * ( c)
lNCOMEYEAR—l I:EYEAR-l

(20)
FUELCOSTgpn,

PRICEEX,

+ DELSHP,,

where:
VAL$PERF = The dollar value of performance of technolibtgy
VALUEPERF = The value associated with an incremental change in performance
FE = Vehicle's fuel economy
DELS$FE = The fractional change in fuel economy of technalogy
DEL$HP = The fractional change in horsepower of techndtogy
FUELCOST = The actual price of fuel (in the previous year)

Economic Market Share

The market share of the considered techmgldased on fuel sawgs or onperformance, is
determined ¥ first evaluatig the cost effectiveness of techngjyatc as a function of the values
described above:

FUELSAVE, - TECHCOS], + (REGCOST+ FEgan, * DELSFE;)

COSTERFUEL, -
Lie ABS(TECHCOST, ) )
VAL$PERF,. - TECHCOST,
COSTERPERF,, - )
ABS(TECHCOST, )

i 1

MKT$FUEL,, = - 2 » COSTERFUEL, (23)
1+e

1

MKT$PERF,, - 1+ @ - 2 COSTERPERR, &9

where:
COSTEF$FUEL = A unitless measure of cost effectiveness based on fuel savings
COSTEF$PERF = A unitless measure of cost effectiveness based on performance
REGCOST = A factor representing regulatory pressure to increase fuel economy, in $ per MPG
TECHCOST = The cost of the considered technology
VAL$PERF = The performance value associated with techndiogy

and the two gmarate market shares are combined to determine the actual market share for the
technolagy. Note the MIN function which constrains the result to one hurminexdnt of the market.

Energy Information Administration
24 NEMS Transportation Demand Model Documentation Report



ACTUALSMKT,. = MMAX,_ * PMAX,_

(25)
+ MIN(1.0,MKT$FUEL,, + MKT$PERF,))

where:
ACTUALSMKT = The economic share, prior to consideration of engineering or regulatory constraints.
MMAX = The maximum market share for technolatgy
PMAX = The institutional maximum market share, which models tooling constraints on the part of the
manufacturers, and is set in a separate subroutine. This subroutine (FUNCMAX) sets the
current year maximum market share based on the previous year's share. The values are

tabulated in Appendix A, Table A-3.

Market Share Overrides

Existing technologies are assumed to maintain their market shares unless forced out by later
technologies. If the cost effectiveness calculation yields an economic market share which is below
the market share in the previous period then the calculated value is overridden:

ACTUALSMKT,. = MAX(MKT$PEN g g, » ACTUALSMKT, ) (26)

where:
MKTS$PEN = Temporary variable which stores value of ACTUAL$SMKT from previous year

B: Apply the Engineering Notes

The engineering notes consist of a number of overrides to the economic cost effectiveness
calculations done in the previous step. The three types of notes (mandatory, supersedes and requires)
directly affect the technology market share results obtained above. The other type of note, synergy,
does not affect the market share and is applied after all other engineering notes have been applied.

Mandatory Notes

These are usually associated with safety or emissions technology which must be in place by a certain
year. For example, air bags are mandatory in 1994. If the cost effectiveness calculations do not
produce the mandated level of technology then those results are overridden as follows:
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itc ?

ACTUALSMKT, . = MAX(ACTUAL$M KT. MANDMKSI—&C) (27)

where:
MANDMKSH = Market share for technologic which has been mandated by legislative or regulatory action

Supersedes Notes

These are associated with newer technologies which replace older ones. For example, 5-speed
automatic transmissions supersede 4-speed automatics. Once the cost effective market share for the
newer technology (e.g. 5-speed automatics) has been calculated, the market share(s) of the older
technology(ies) (e.g. 4-speed automatics) are reduced, if necessary, to force the total market shares
for the old and new technologies to add up to 100 percent.

For example, given a group of competing technologies A, B, and C, suppose that C is the oldest
technology while A is the newest. After calculating the economic market share for each technology,
and applying thenandatorynotes as described above, the following steps are then taken:

Affected technologies are grouped in a hierarchy, and market shares are adjusted so that the sum does
not exceed the maximum market penetration of the group. Calculate aggregate market share of
superseding technologies:

nunsup
TOTMKT = Y ACTUALSMKT, (28)

ino=1

where:
TOTSMKT = The total market share of the considered group of technologies
ino = The index identifying the technologies in the superseding group
num$sup= The number of technologies in the superseding group

Identify the largest maximum market share for the group of technologies:

MAX$SHARE = MAX ( MKT$MAX ) (29)

where:
MKT$MAX = The maximum market share for the considered technology, exogenously set
MAX$SHARE = The maximum market share of the granp,
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If the aggregate market share@T$mKT) is greater than the maximum shanex$sHARE), reduce

the market shares of those technologies which are lower in the hierarchy:

a) calculate the reduction in market share of a superseded technology, ensuring that the decrement
does not exceed that technology's total share:

DELSMKT = MIN((TOTHSMKT - MAX$SHARE) , ACTUALSMKT. ) (30)

ISNO

where:
DEL$MKT = The amount of the superseded technology's market share to be removed
isno= An index indicating the superseded technology

b) adjust total market share to reflect this decrement

TOTSMKT = TOTSMKT - DEL$MKT (31)

c) adjust the market share of the superseded technology to reflect the decrement

ACTUALSMKT,. = = ACTUALSMKT.

ISno ISno

- DELSMKT (32)

Requires Notes

These notes control the adoption of technologies which require that other technologies also be
present on the vehicle. For example, since Variable Valve Timing Il requires the presence of an
Overhead Cam, the market share for Variable Valve Timing Il canneedxhe sum of the market
shares for Overhead Cam 4, 6 & 8 cylinder engines. This note is implemented as follows:

1) For a given technologtc, define a group of potential matching technologies, one of which
must be present fotc to be present.
2) Sum the market shares of the matching technologigs (

REGBMKT = MIN ( Y ACTUALSMKT,,, | 1.0) (33)

req

where:
REQ$MKT = The total market share of those technologies which are required for the implementation of
technologyitc, indicating that technology's maximum share
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3) Compare REQ$MKT to the market share of technoitigyACTUAL$SMKT ..

ACTUAISMKT, = MIN (ACTUALSMKT,, , REQGSMKT) (34)

4) If ACTUALSMKT ;. <= REQ$MKT, then make no change.
5) If ACTUALSMKT ;. > REQ$MKT, then set ACTUALSMK = REQ$MKT

It is at this point that the adjusted economic market sham@AL$MKT ., iS assigned to the variable
MKT$PEN, v., fOr use in the remainder of the calculations.

MKTSPEN, i;nitcyear = ACTUALSMKT, (35)

Synergistic Notes

Synergistic technologies are those which, when installed simultaneously, interact to affect fuel
economy. A vehicle with synergistic technologies will not experience the change in fuel economy
predicted by adding the impact of each technology separately. Conceptually such interactions could
yield either greater or lower fuel economy; however, in all cases observed in FEM the actual fuel
economy is lower than expected. For example, Variable Valve Timing | is synergistic with 4-speed
automatic transmissions. If both are present on a vehicle then the actual fuel economy improvement
is 2 percent below what would be expected if the technologies were simply added together with no
regard for their interaction.

Synergy adjustments are made once all other engineering notes have been applied. For each
synergistic pair of technologies the fuel economy is adjusted as follows:

FEvear = FEvear * (MKT$PENtC1,YEAR - MKT$PENtC1,YEAR1)
(36)

* (MKT$PENtC2,YEAR - MKT$PENtc2,YEAR1) * SYNRDELy

where:
FE = Fuel economy, by size class and group, initialized to the previous year's value and subsequently
modified with each iteration of the model.
itc1 = First synergistic technology
itc2 = Second synergistic technology
SYNRS$DEL = The synergistic effect of the two technologies on fuel economy
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C: Calculate Net Impact of Technology Change

The net impact of changes in technology market shares is first calculated for fuel economy, weight
and price. Horsepower is dependant on these results and must be calculated subsequently. For a
given technologytc, the change in market share since the last pebBid£$MKT) is calculated as

follows:

DELTASM KTitc = MKT$PENtc,YEAR - MKT$PENtC,YEAR1 (37)

DELTA$MKT,. is used to calculate the incremental changes in fuel economy, vehicle weight, and price
due to the implementation of the considered technology.

Fuel Economy
Current fuel economy for a vehicle class is calculated as the previously adjusted fuel economy plus
the sum of incremental changes due to newly adopted technologies:

NUMTECH
YEAR © Z FEyeara * DELTASMKT,  + DELSFE (38)

itc=1

FE FE

YEAR ~

where:
NUMTECH = Number of newly adopted technologies

Vehicle Weight

Current weight for a vehicle class is calculated as the current weight plus the sum of incremental
changes due to newly adopted technologies. As with the technology cost equation, the weight
equation has both absolute and variable components. Most technologies add a fixed number of
pounds to the weight of a vehicle. With material substitution technologies the weight change depends
upon how much new material is used, which is a function of the original weight of the vehicle. The
weight equation includes both absolute and weight dependant terms in the summation expression.
For any given technology, one term or the other will be zero.

NUMTECH
= WEIGHTcp + Y, DELTASMKT,, « [DELSWGTABS,
itc=1 (39)

+ (WEIGHT,\sgyg * DELSWGTWGT, )]

WEIGHT, s
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where:
DEL$WGTABS = The change in weight (Ibs) associated with techndiogy
DEL$WGTWGT = The fractional change in vehicle weight due to techndiogy
WEIGHT = Vehicle weight, by size class and group, initialized to the previous year's value and
subsequently modified with each iteration of the model.

Vehicle Price

Current price for a vehicle class is calculated as the current price plus the sum of incremental changes
due to newly adopted technologies. As with the weight equation, the price equation has both
absolute and variable components. Most technologies add a fixed cost to the price of a vehicle. For
the material substitution technologies, cost depends on the amount of new material used, which is in
turn dependent on the original weight of the vehicle. The price equation includes both absolute and
weight dependant terms in the summation expression. For any given technology, one term or the
other will be zero.

NUMTECH

PRICE ¢y - PRICE gy, = ) DELTASMKT, + [DELSCOSTABR “0)
+ DELSCOSTWGT, « (-1.) + DELSWGTWGT, » WEIGHT,, .. ]

BASEYR

where:
DEL$COSTABS = The cost of technoloig
DEL$COSTWGT = The weight-based change in cost of techndo¢$/Ib)
PRICE = Vehicle price, by size class and group, initialized to the previous year's value and subsequently
modified with each iteration of the model.

The characteristics of electric and fuel cell vehicles, including weight, battery cost, and fuel economy
must then be calculated in separate subroutines prior to the estimation of market shares.

D: Estimate EV and Fuel Cell Characteristics

Electric Vehicles

This set of calculations, contained within the subroutine EVCALC estimates battery cost, vehicle
price (low and high volume sales), weight and fuel economy for electric vehicles. Fuel economy is
in kilowatt-hours/mile (wall plug.)

The first step in EVCALC is determination of the battery weight and cost for both lead acid and
Nickel Metal Hydride (Ni-MH) batteries. The numerical constants in the equations represent the
result of exogenous analysis and professional judgement on the part of the model developers.
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1) Weight and cost of a lead acid battery
BATTERY$WT = 0.60 * WEIGHT,

earGasoline

and (41)
BATTERY$COST = BATTERY$WT = 2.30 = 1.75 + 1500

where:
BATTERY1$WT = Weight of a lead acid battery large enough to provide adequate range and performance
BATTERY1$COST = Cost of a lead acid battery
0.60 = Fraction of vehicle weight accounted for by the battery system
$2.30 = Cost/pound of a lead acid battery
1.75 = Cost multiplier to determine retail price
$1,500 = Fixed cost amortization per unit EV

2) Weight and cost of a nickel metal hydride battery
BATTERY3WT = 0.203 *+ WEIGHT,

YearGasoline

and (42)
BATTERY3COST = BATTERY3WT * 8.20 = 1.75 + 1500

where:
BATTERY2$WT = Weight of a Ni-MH battery large enough to provide adequate range and performance
BATTERY2$COST = Cost of a Ni-MH battery
$8.20 = Cost/pound of a Ni-MH battery
1.75 = Cost multiplier to determine retail price
$1,500 = Fixed cost amortization per unit EV

The next step is to apply a learning curve adjustment to the cost of the battery. It is assumed that
there is a twenty-five (25) percent cost reduction/decade for both lead acid and Nickel Metal Hydride
batteries. The learning curves have been pre-calculated and are initialized in BLOCK DATA. The
lead acid curve begins immediately, while the Nickel Metal Hydride battery costs do not begin to go
down until after 2003.

3) Learning curve adjustment for battery costs
BATTERY$COST = BATTERY$COST<LEADACIDSCOST,,
and (43)
BATTERY2COST = BATTERY2COST*NIMHYLEADACICPCOST,,,
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where:
LEADACID$COST = Cost reduction learning curve for a lead acid battery
NIMHY$COST = cost reduction learning curve for a Ni-MH battery

Next, the average price of an electric vehicle battery is determined based on the expected market
shares of lead acid and Nickel Metal Hydride batteries:

4) Average price of an electric vehicle battery

BATTERY, . ciecticvenice = BATTERYSCOST * (1 - NIMHY$SMKTSH,,)

(44)
+ BATTERY3COST * NIMHY$M KTSH(ear
where:
BATTERY = Average price of an electric vehicle battery
NIMHY$MKTSH = Expected market share of Ni-MH batteries
Finally, Price, Weight and Fuel Economy are calculated:
5) Electric Vehicle Price
PI:\)lCE\(ear,EIectricVehicIe = PI:\)lCE\(ear,EIe(:tricVehicle+BATTER¥ear,EIectricVehicle (45)

SincePRICEHI (high production AFV) uses the same equatioPRISE (with the substitution of
PRICEHIfor PRICEON both sides on the equation), it is not shown separately.

6) Electric Vehicle Weight
WEIGHT BATTERY$WT

YearElectricVehicle = 0.33

« (1-NIMHY$SMKTSH,)

(46)
. BATTERYSWT

0.22

+ NIMHY$MKTSH,,,

7) Fuel Economy (miles/Kilowatt-hour wall plug)
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L 0.8 - (2,200)
Year, Electric Vehicle 0.16 - WEIGHT

YearElectricVehicle

FE

(47)

Fuel Cell Vehicles

The subroutines FCMCALC, FCHCALC, and FCGCALC calculate fuel cell cost, vehicle price (low
and high volume sales), and fuel economy for methanol , hydrogen, and gasoline fuel cell vehicles,
respectively. Note that although values for fuel cell vehicles are calculated for the early years, it is
not likely that there will actually be any on the road until at [12&66. Hydrogen supply is expected

to be a major problem for the corresponding vehicles. In the following equatiors shbscript

refers to Fuel Cell.

1) Fuel Cell Cost

WEIGHT, i
22Y(;;a:)r,Gasollne + FU ELCELL$COS-I;ear,FC (48)

FUELCELL,, rc = 30 *

where:
FUELCELL = Cost of the fuel cell.
FUELCELL$COST = Cost of the fuel cell in $/kw

2) Battery Power Required to start vehicle

WEIGHT, .
BATTER$POWER= 20 Year,Gasolne (49)
2200

where:
BATTERY$POWER = Required battery power in Kw

3) Weight of Battery

BATTER$POWER
0.5

BATTER$WT = 2.2 *

(50)

where:
BATTERY$WT = Weight of battery
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4) Cost of Battery
BATTERY,, rc = 2.30 x BATTERSWT + LEADACIDSCOST,,, (51)

where:
BATTERY = Cost of the lead acid battery
$2.30 = Initial cost per pound for the battery
LEADACID$COST,, = Cost reduction learning curve for a lead acid battery

5) Add Battery to cost of fuel cell and calculate retail price

FUELCELLe, rc = (FUELCELL ey rc + BATTERY,, rc + HTANK,) * 1.75 + 1500 (52)

where:
HTANK = Cost of the hydrogen storage tank: $0 for Methanol and Gasoline FC,
$3000 for Hydrogen FC.
1.75 = Cost multiplier to determine retail price
$1,500 = Fixed cost amortization per unit fuel cell vehicle

6) Fuel Cell Vehicle Price

PR|CEYear,FC = PR|CEYear,FC + FUELCELLYear,FC (53)

7) Fuel Cell Fuel Economy (gasoline equivalent mpg)

I:EYear FC ~ :
Y CONSTANT* WE|GHTYear,GasoIine (54)
1000

where:
CONSTANT = 0.00625 for Methanol FC, 0.0057 for Hydrogen FC, and 0.00667 for Gasoline FC
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E: Adjust Horsepower

Calculating the net impact of changes in technology share on vehicle horsepower is a two step
process. First, horsepower is calculated on the basis of weight; this step assumes no change in
performance. This initial estimate simply maintains the weight to horsepower ratio observed in the
base year:

Unadjusted Horsepower
Assuming a constant weight/horsepower ratio:

WEIGHT,,~
*
BASEYR ™ WEIGHT.

BASEYR

HP HP

(55)

YEAR ~

where:
HP = Vehicle horsepower
WEIGHT = Vehicle weight

Adjustment Factor

The second step adjusts horsepower for changes in performance. This calculation is based on
household income, vehicle price, fuel economy, fuel cost, and the perceived desire for performance
(PERFFACT):

ADJHP = PERFFACT x

INCOME, . | **
-_ *
lNCOMEYEAR—l

0.9 0.2
PRK:EYEAR—l) % ( FEYEAR]

I:)RK:EYEAR I:EYEAR—l

(56)

FUELCOSTean, | ™ .
* _
FUELCOST,n

where:
ADJHP = Vehicle horsepower adjustment factor

Note that if income, vehicle price, fuel economy and fuel cost remain the same, the expression in
parentheses resolves to: (1*1*1*1 - 1) =0. Thus, unless there is some change in the economics, there
will be no change in horsepower due to a desire for more performance. In an economic status quo,
the only changes in horsepower will be those required to maintain the base year weight-to-
horsepower ratio calculated above.
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Adjusted Horsepower
The current year horsepower is then calculated as follows:

YEAR
HP car = HPyear * | 1 + 192;0 ADJHP (57)

Note that this equation uses the sum of horsepower adjustments to date. This is necessary because
the first step of the adjustment ignores the previous period resylt.() and calculates current
horsepower using the base year weight-to-horsepower ratio. The summation term incorporates all
horsepower adjustments due to economic changes which occur in the intervening forecast periods.
The final HP estimate is then checked to see if it meets the minimum driveability criterion which are
set at WT/HP = 30 for all cars except sports and luxury for which the criterion is WT/HP = 25.
These minima are derived from the experience of the early 1980's.

F: Readjust Fuel Economy and Price
Once the horsepower adjustment has been determined, the final fuel economy for the vehicle must

be calculated.

Fuel Economy Adjustment Factor
The fractional change in fuel economy based on the fractional change in horsepower is first calculated
(ADJFE). This is an engineering relationship expressed by the following equation:

ADJFE = -0.22«ADJHP - 0.560+ADJHP? ; ADJHP > 0
(58)
ADJFE = -0.22xADJHP + 0.560<ADJHP? ; ADJHP< 0
Adjusted Fuel Economy
The final vehicle fuel economy is then determined as follows:
FE = FE = (1+ADJFE) (59)

Adjusted Vehicle Price
Vehicle price is finally estimated:
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PRICE = PRICE + ADJHP+VALUEPERF (60)

Note that as these are final adjustments, the results do not feed back into the horsepower adjustment
equation.

The above equations result in an estimate of the market shares of the considered technologies within
each class of vehicle. The effective range for each vehicle class is then calculated.

G: Estimate Vehicle Range (in subroutine FEMRANGE)
For most vehicles, range is a function of tank size and fuel economy as shown in below:

1) Vehicle Range Calculation

RANGE ¢5ryerrype = TANKSIZE + FEyq, (1+AFVADIRN, /7,9 (61)

where:
RANGE = Vehicle range
TANKSIZE = Tanksize for a gasoline vehicle of the same size class
AFVADJRN = Range adjustment,lagive to gasoline, for aAFV (exogenous, from Block &ta)

The range adjustment factor (AFADJRN) is derived through engineering judgment and is based on

current gasoline vehicle tank sizes, likely relative fuel capacity for alternative vehicles and the actual

base year relative fuel economies of gasoline and alternative fuel vehicles. Of necessity, the range
estimate is less accurate than the AFV fuel economy projections.

Range for Electric Battery vehicles is set to 80 miles. This is an enginasigrggnt of the best
performance likely to be obtained from a production electric powered vehicle in the foreseeable
future. The next step is to calculate the market shares of each vehicle class within each CAFE group.

Il. CALCULATE CLASS MARKET SHARES

This routine calculates vehicle class market shares within each "corporate” average fuel economy
group (i.e. Domestic Cars, Import Cars, Domestic Trucks and Import Trucks.) Car market shares

for each class are derived by calculating an increment from the base year (CLYEAR) market share.
The market share increment (or decrement) is determined by one of the following equations

(depending on vehicle class):
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All Vehicle Classes Except Luxury Cars:?

FUELCOS
DIFFSLN - A «In| _YEAR | . 5 . 1n Verw
CLYEAR FUELCOST, yean
INCOM _ $13,000
v C ¥ In EYEAR (62)
INCOME, yeng - $13,000
PRIC
+ D % In ﬁ
PRlcﬁ:LYEAR

where DIFF$LN is the market share increment from the year CLYEAR, and the values of the
coefficients A, B, and C are tabulated in Table D-1 of Appendix D.

Luxury Cars:
The calculated increment is added to the base year market share to obtain a current year value. After

market shares are derived for all vehicle classes, the results are normalized so that market shares sum
to 100% within each CAFE group.

DIFF$LN = A  In ( ﬂ) B« in | JDEECOSTen ]
CLYEAR FUELCOST, year
INCOME, ¢ 5
+Cx*xIn|] ————M 63
lNCOMECLYEAR] ( )
+ D = In I:)R|CEYEAR ]
I:)R|CL:\‘IILYEAF€
Class Market Shares:
Solve for the log-share ratio:
CLASSSHAR
RATIGBLN = DIFF$LN + In oo (64)
1 - CLASSSHARE,,

where:
RATIOS$LN = Log of the market share ratio of the considered vehicle class

2 Note: Market shares for Mini and Sub-Compact cars are solved jointly using equation 24. The resulting combined
market share is allocated between the two classes based on the original 1990 allocation. Special treatment of these two
classes was made necessary by the small sample size in the analysis data sets.
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Solve for the class market share:

EXP (RATIGBLN)
1 + EXP (RATIGSLN)

CMKS =

(65)

where:
CMKS = Class market share, subsequently reassigned to the appropriate vehicle class and group,

CLASS$SHARE,,

Normalize so that shares total 100% within each CAFE group:

CLASSSHARE, . vear

! (66)
3y CLASSSHARE, . vear

icl=1

CLASSSHARE, ., vear =

CALCULATE CORPORATE AVERAGE FUEL ECONOMY

This routine calculates the "corporate" average fuel economy for each of the four groups:
1) Domestic Cars
2) Import Cars
3) Domestic Trucks
4) Import Trucks

For each vehicle group the CAFE calculation proceeds as follows:

7
Z CLASSSHARE, year
CAFEi,k,YEAR - I;l

>

i=1 FE, Kk YEAR

CLASSSHARE, ., (67)

where:
i = Vehicle Class
k = CAFE Group

Energy Information Administration
NEMS Transportation Demand Model Documentation Report 39



This CAFE estimate is then compared with the legislative standard for the manufacturer group and
year. If the forecast CAFE is less than the standard, a second iteration of the model is performed
after resetting the regulatory cost (REGCOST). If the recalculated CARBosIstv the standard,

no further iteration occurs, as the manufacturer is then assumed to pay the fine.

V. COMBINE RESULTS OF DOMESTIC AND IMPORTED VEHICLES

In subsequent components of the transportation model, domestic and imported vehicles are not
treated separately. It is therefore necessary to construct an aggregate estimate of each vehicle
characteristic for each class of car and light truck. Aggregate vehicle characteristic is determined
by weighting each vehicle class by their relative share of the market (PERGRP). These figures are
assumed to be constant across classes and time, and have been obtained from NHTSA estimates of
the domestic and imported market shdres:

MPGl,cIass = (FEMMPGdomclass * PERGR%omclasg
(68)
* (FEMMPG}mp,cIass * PERGR%p,cIass)
HP\Ni,cIass = (FEMHPdomclass * PERGR%omclasg
(69)
* (FEMHPimp,class * PERGR%p,cIass)
I:)Rli,class = (FEMPRIdomclass * PERGR%omclasg
(70)
* (FEMPR‘mp,class * PERGR%p,cIass)
RNG’,cIass = (FEMRNQJlomcIass * PERGR%omclasg
(71)
* (FEMRNQmp,cIass * PERGR%p,cIass)
WG-E,class = (FEMWGEomcIass * PERGR%omclasg
(72)
* (FEMWG-Ii-mp,class * PERGR%p,cIass)

% Oak Ridge National Laborator§ransportation Energy Data Book: Edition,JQRNL-6710, 3/92.
For Cars: Table 3.9, 1990 data. For Light Trucks: Table 3.16, 1990 data.
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where:
i =1 (cars, except minicompacts); 2 (light trucks, except std pickups, std vans, and std utilities)

Note that the vehicle characteristics (FEMMPG, FEMHP, FEMPRI, FEMRNG, and FEMWGT)
have been converted to six size classes considered by the remainder of the Transportation Model.
All mini-compact cars are imported, and all standard pickups, standard vans, and standard utility
vehicles are produced domestically.

These numbers are then passed to the Alternative Fuel Vehicle (AFV) Model, and the overall fleet
stock model to produce estimates of fleet efficiencies.
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3A-2. Regional Sales Model

The Regional Sales Model is a simple accounting mechanism which uses exogenous estimates of
new car and light truck sales, and the results of the Fuel Economy Model to produce estimates of

regional sales and characteristics of light duty vehicles, which are subsequently passed to the Light
Duty Stock Model.

RATIONALE

Nationwide estimates of new car sales come from the the NEMS Macro Module. In order to comply
with the NEMS requirement for regional fuel consumption estimates, the Regional Sales Model
allocates new car and light truck sales among the nine Census divisions and permits regional
variations in vehicle attributes. This also gives the Transportation Model the capability to analyze
regional differences in alternative vehicle legislation. For example, California has implemented
legislation requiring that 2% of all vehicles sold by the year 2000 be "zero emissions” vehicles
(essentially electric vehicles). Massachusetts and New York have taken steps to adopt the
California standards, and the Transportation Model assumes that they will be successful.

ALTERNATIVE SPECIFICATIONS
No alternative models were considered.

MODEL STRUCTURE

This is not a separate model in itself, but rather a series of intermediate calculations used to generate
several regional variables which are used in subsequent steps in the Transportation Model. It
comprises two subroutines, TSIZE and TREG; the first is used to compress the seven vehicle size
classes generated by the Fuel Economy Model into six size classes used in subsequent calculations
and the second generates regional shares of fuel consumption, driving demand, and sales of vehicles
by size class.

The Regional Sales Model flowchart is presented in Figure 3A-2 below.
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Figure 3A-2. Regional Sales Model

Begin Regional

Sales Model

Map fuel economy and
horsepower estimates
from seven classes to
six and recalculate
market shares

FEM Inputs:
Car and light truck fuel
economies, prices, and market
shares in seven size classes

Macro Inputs:

Regional price of motor gasoline Estimate regional travel
Regional disposable income. demand and regional
Base year vehicle-miles travele vehicle-miles traveled

Total population over 16

Map new car and light

Macro Inputs: truck sales to regions
Total new car and light truck sales based on regional

vehicle miles traveled

To AFV Model:
Regional new car and light
truck sales, fuel economy and
price in six size classes
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Redistribute FEM Sale Shares Among Six Size Classes

The first stage in this model involves the estimation of non-fleet sales of cars and light trucks for
each of the seven size classes and CAFE groups described in the Fuel Economy Model (FEM). The
fraction of car and truck sales attributed to fleets is assumed to remain constant across size classes
and the estimation period. Although the fuel economies of domestic and imported vehicles have
already been combined, the separate market shares are recorded and the calculations are performed
separately for domestic and imported vehicles.

It is first necessary to reallocate the estimates of car and light truck sales supplied by the Macro
Module. This is required due to the fact that definitions used in the Transportation Module differ
from those used in the Macro Module. The trucks enumerated by the Macro Module’s definition
of "light trucks" includes those of less than 14,000 pounds GVW, and are not identified by axle
configuration. In the Transportation Module these trucks are addressed in three separate sections:
trucks under 8,500 pounds are included in the LDV Model; trucks between 8,500 and 10,000 pounds
are modeled separately in the Light Commercial Truck Model; and trucks over 10,000 pounds are
included in the Highway Freight Model. Additionally, the LDV Module uses a different
methodology to estimate the allocation of LDV sales between cars and light trucks, reflecting the
changing purchase patterns of consumers who have been shifting their attentions toward minivans
and sport utility vehicles in recent years.

Determine the number of Light Truck sales which are classified as LDT'’s:

T_LDT_MAC, = MC_SQDTRUCKS * LT10K
(73)
« [(LT2A4 = LT2A4LDV) + (LTOSU * LTOSULDV)|

where:
T _LDT_MAC = Total LDT’s (under 8,500 pounds), as estimated by the Macro Module
MC_SQDTRUCKS = Total Light Truck sales (under 14,000 pounds), from Macro

LT10K = Fraction of these trucks under 10,000 pounds
LT2A4 = Fraction of light trucks with a 2-axle, 4-tire configuration

LT2A4LDV = Fraction of these trucks less than 8,500 pounds
LTOSU = Fraction of light trucks with other axle configurations

LTOSULDV = Fraction of these trucks less than 8,500 pounds

Calculate total LDV sales:

T_LDV_MAC, = MC_SQTRCARS + T_LDT_MAC, (74)
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where:
T _LDV_MAC = Total car and adjusted light truck sales

MC-SQTRCARS = Total car sales, from the Macro Module

Allocate LDV sales between cars and light trucks:

TMC SQTRCARS = T_LDV_MAG,, * (1 - CARLTSHR
and (75)

TMC_SQDTRUCKS = T_LDV_MAC, * CARLTSHR

where:
TMC_SQTRCARS = Total sales of new cars

TMC_SQDTRUCKS = Total sales of new light trucks
CARLTSHR = Allocation factor representing LDT fraction of LDV sales (Appendix D, Attachment 8)

Calculate non-fleet, non-commercial sales of dgps(1,2) and light trucksigp=3,4) in FEM 7size

classes:
NVS7S§g‘pin,YN = CLASS&SHARIT.:C,YingYEAR * TMC_SQTRCARS
* (1 - FLTCRA'EQQO) * SALESHI%F)YN

and (76)

NVS7SG, .y = CLASSSHARE, . \ear * TMC_SQDTRUCKS
# (1 - (FLTTRAT,,,)) * SALESHR |

where:
TMC_SQTRCARS = Total new car sales (supplied by the MACRO module)

TMC_SQDTRUCKS = Total new light truck sales (from the MACRO module)
CLASS$SHARE = The market share for each automobile class, from FEM
FLTCRAT = Fraction of new cars purchased by fleets
FLTTRAT = Fraction of new light trucks purchased by fleets
SALESHR = Fraction of vehicle sales which are domestic/imported

Sales within the seven size classes (class) are then distributed among six size classes (sc), combining

the domestic and import groups (igp), as follows:
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2 7
NCSTSG = Y, ) (NCS?S%WM$)* MAP76,,csciop

igp=1 class=1

and (77)

4 7
NLTSTSQ; = Z Z (NTS?S%p,class) * MAP?QIaSSSQigD

igp=3 class=1

where:
MAP76 = Weighting coefficients associated with cars and trucks, respectively

The non-fleet market shares for cars and light trucks are then calculated by size class:

NCSTS¢,
PASSHRR =
) NCSTSG
sc=1
and (78)
NLTSTS
LTSHRR,. = S
Y NLTSTSE,
SC=1

The average horsepower of cars and light trucks is then calculated:

6
AHPCAR, = Y} HPW,

sc=1

+ PASSHRR

ar,sc

and (79)

6
AHPTRUCK_ = Y HPW

sc=1

* LTSHRBC

rk,sc
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Determine Regional Values of Fuel Demand and Vehicle Sales
Regional demand shares for each of eleven fuels are first initialized, ensuring that no region has a

zero share in the preceding time period, then grown at the rate of personal income growth in each
region, and renormalized so the shares add to 1.0:

SEDSHR gL regT-1 *

TMC_YDpeqr ]

TMC_YDREGT_l
SEDSH@UEL,REGT -

TMC_YDpeer

SEDSH | ——— T3
Z RUELREGT-1 TMC YDrears

REG=1

] (80)

where:
SEDSHR = Regional share of the consumption of a given fuel in p€riod
TMC_YD = Estimated disposable personal income by reBigG
REG =Index referring to Census region

These shares are passed to other modules in the Transportation Model.

The distribution of new car and light truck sales among regions is then addressed. This process
takes several steps, and is based on the assumption that regional demand for new vehicles is
proportional to regional travel demand. The calculation proceeds as follows:

Determine the regional cost of driving per mile:

COSTMIRgq; = 0.1251+ (81)

TPMGTRygqr
MPGFLT, ,

where:
COSTMIR = The cost per mile of driving in regi®EG in $/mile
TPMGTR = The regional price of motor gasoline, in $¥MMBTU
MPGFLT = The previous year's stock MPG for non-fleet vehicles
.1251 = A conversion factor for gasoline, in MMBTU/gal

Calculate regional income:

TMC_YDpeqr

TMC_POPAFQ¢

INCOMER, ¢ = (82)

where:
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INCOMER = Regional per capita disposable income
TMC_YD = Total disposable income in regiBEG
TMC_POPAFO = Total population in regi®®EG

Estimate regional driving demafd:
VMT16Reqr = pVMT16Reqry + Bo(L — p) + [51(COSTMIF§,EGT - pCOSTMR,EGT_l)

(83)
+B,(INCOMER,gqr — pINCOMER e, ) + Bs(PRFEM, - p PRFEM,, )

and:

VMTEER,gq; = VMT16R,cq; * TMC POP16,.; * DAF, (84)

where:
VMT16R = Vehicle-miles traveled per population over 16 years of age
PRFEM = Ratio of female to male driving rates
p = Lag factor for the difference equation
VMTEER = Total VMT in regiorREG
TMC_POP16 = Total regional population over the age of 16
DAF = A demographic adjustment factor, to reflect different age groups' driving patterns

Calculate regional VMT shareRgHR):

VMTEE
2 (85)
Y. VMTEERqr
REG=1
Divide non-fleet car and light truck sales according to regional VMT shares:
NC%EGSQT = NCSTSQQT * RSH%EGT (86)
and:
NLTSegser = NLTSTSG.r * RSHReqr (87)
where:

* The development and estimation of the VMT equation is described in detail later, in the VMT Model (Section 3B-2).
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NCS = New car sales, by size class and region
NLTS = New light truck sales, by size class and region

3A-3. AFV Model

The Alternative Fuel Vehicle (AFV) Model is a forecasting tool designed to support the Light Duty
Vehicle (LDV) Module of the NEMS Transportation Sector Model. This model uses estimates of
new car fuel efficiency obtained from the Fuel Economy Model (FEM) subcomponent of the LDV
Module, and fuel price estimates generated by NEMS to generate market shares of each considered
technology. The model is useful both to assess the penetration of alternative-fuel vehicles and to
allow analysis of policies that might impact this penetration.

RATIONALE

The objective of the AFV model is to estimate the market penetration (market shares) of alternative-
fuel vehicles during the period 1990-2020. The model provides market shares for thirteen alternative-
fuel technologies in addition to the conventional gasoline and diesel technologies. The shares are
projected in two stages. In the first stage the two conventional technologies are allowed to compete
with a single representative alternative-fuel vehicle technology. In the second stage the overall
alternative-fuel vehicle share is disaggregated among thirteen competitive alternative-fuel
technologies. Forecasts of vehicle-technology shares are developed for each of the nine U.S. Census
divisions.

The AFV model is an improvement over the predecessor model used in the AEO 93, which assigned
market shares to four basic alternative technologies based on legislative mandates. That model left
no room for consideration of technological or market-driven limitations on the penetration of AFV's,
thereby limiting its usefulness in evaluating the impacts of alternative policies.

ALTERNATIVE SPECIFICATIONS

There are very few current models which attempt to estimate the market penetration of alternative
fuel vehicles. The methodology used in the AFV module is based on attribute-based discrete choice
techniques and logit-type choice functions described in previous régdrésattribute coefficients

® See Fulton, L.New Technology Vehicle Penetration: A Proposal for an Analytical Frame®atimitted to EIA, Office
of Energy markets and End Use, March 17, 1991.
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used inthe module are derived from a logit discreet-choice consumer preference model commissioned
by the U.S. Department of Energy Office of Transportation Technologies (OTHg.methodology
consists of the estimation of a demand function for vehicle sales in the U.S. market and the
derivation of coefficients for the vehicle and fuel attributes which portrays consumer demand. Once
the demand function has been determined, projections of the changes in vehicle and fuel attributes for
the considered technologies are multiplied by the corresponding attribute coefficients to produce the
market share penetration for the various technologies.

An important limitation in estimating market share penetration of alternative fuel technologies is the
lack of experience in consumer use of alternative technologies. Only a limited number of alternative-
fuel technologies are commercially available at the present time and the vehicle options which are
available are still in experimental stages of development resulting in significantly high vehicle prices.
Lack of data on previous consumer purchases of alternative fuel vehicles poses a significant obstacle
in estimating an equation to forecast future market share penetration. A stated preference survey
performed for the U.S. Department of Energy by Argonne National Laboratory which asked
consumers their vehicle choice preference in reference to hypothetical scenarios is used in the AFV
module. The demand function for personal vehicle choice determined from this survey is used as the
source for the attribute coefficients for the AFV module.

The demand estimation incorporates a logit discrete choice model to calculate consumer vehicle
preference in relation to vehicle and fuel attributes. A survey was conducted in which respondents
were asked to express their preferences for vehicles based on vehicle and fuel attributes. The stated
preference survey consisted of a sample size of 1149 respondents yielding 1440 observations. Based
on the stated preference surveys a mathematical model was estimated to account for consumer
preferences in vehicle choice.

The demand function is a logit discrete choice model that can be represented as follows:

A

logﬁ:ﬁl+ﬁ2x2+ﬁ3x3+"'+lBiXi+8i

*Tompkins, M., D. Bunch, D. Santini, M. Bradley, A. Vyas, D. Poaterminants of Alternative-Fuel Choice In The
Continental United Statefresentation at Transportation Research Board Annual Meeting, Jan. 1998.

” For a detailed explanation of the demand function estimation, see Energy and Environmental Analjsiselssment
of The National Vehicle Choice Data and Estimates, and Comparison With Other Studfesprepared for the U.S.
Department of Energy, Office of Transportation Technologies, July 28, 1998.
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whereP, is the probability of a consumer choosing vehiclg is the constant,; @re the coefficients
of vehicle and fuel attributes addare vehicle and fuel attributes.

The resulting specifications of the nested multinomial logit discrete choice model for estimating
market share penetration of alternative fuel technologies from the stated preference survey are
presented in Table D-2 of Appendix D. The independent variables, coefficients, t-statistics, sample
size, and log-likelihood calculations are listed. The coefficient signs of the fundamental independent
variables correspond wita priori expectations for consumer preference and all the fundamental
independent variables are significant in the model.

The basic structure of the forecast component of the market share estimation for alternative fuel
vehicle sales is a three-dimensional matrix format. The matrix consiststutle technology types,

K attributes for each technology, ahdumber of years for the analysis. Each@glin theC matrix
contains a coefficient reflecting the value of attritkitd vehicle technologi/for the given yeat.®

The calculation of the market share penetration of alternative fuel vehicle sales is expressed in the
following equation:

N . evitn
itn
Sy = Py = Z ' Pin = -

Z e Vitn

i=1

where:
S, = market share sales of vehicle type i in year t,
P, = aggregate probability over population N of choosing type i in year t,
n = individual n from population N,
P,, = probability of individual n choosing type i in year t,
V,, = afunction of the K elements of the vector of attributes (A) and coefficients (B), generally linear
in parameters, i.e.:

V=BX + BXy+ ..+ RX,

and V is specific to vehicle i, year t, and individual n.

The above equation asserts that the share of each technology is equivalent to the aggregate

8 The forecasting methodology is based on the methodology defined in the Decision Analysis Corporation of Virginia
Report,Alternative Vehicle Sales Module: Design of the Modeling Framework and Prototype Module Desdoptorergy
Information Administration,Task 91-137, September 30, 1991.
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probability over the population of choosing that technology, which is produced by summing the
individual probability functions. The individual probiiles are a function of the ratio of thés

(taken as an exponential). The market share of each vehicle type is ultimately determined by its
attributes relative to the attributes of all competing vehicles.

TheC matrix represented below is a simple illustration of the matrix format used in the market share
calculation. For simplicity, a 4 by 4 matrix of four vehicle types 4) and four attributek = 4),
for individualn in yeart, has been chosen.

Ci= (13, Xi) k=1 k=2 k=3 k=4
V,=YXC,, i=1 Cy Cp Cps Cua
V,=Y.Cy, i=2 Cyy Cyy Cos Cos
V,=X.C,, i=3 Cy Csy Cas Cas
V,=XC, i=4 Cuy Cuy Cus Cue

The factorC, represents the product of the coefficieptiBrived from the demand function and the
attribute valuex, for vehicle typa and attribute.

The coefficients of the vehicle attributes in the AFV module are assumed to remain constant over
time. This enables the calculation of enatrix to be less cumbersome; however, the methodology
can utilize either changing or constant coefficient values for the vehicle attribute€ nidteix is
replicated for each year of the analysis and for each target group incorporated in the study. The
scope of the AFV module covers a 30 year time period with 9 regional target groups, twelve EPA
size classes. X value is produced for each of the vehicle technologies, and for each of the target
regions, size and scenario during each year of the study.

A separatéKT matrix must be calculated for each individual in the population, or at least for each
group of similar individuals. It isatessary to calculafe,, separately for each group and average

to obtain an aggregate probability and market sharedon vehicle type. However, a sinthe

matrix can be calculated by taking one additional step. An aggi&Jateatrix which approximates

the results obtained by taking an average probability can be calculated over the individual matrices.
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This is dependent on the condition that the average probability function over the population equals
each group probdity function, not just the average of all functions. Demographic variables can be
used to subdivide the population into similar groups in order to approximate this condition. These
variables can be incorporated into #eexpression as dummy variables, which produce separate
coefficients for each population group. An example of demographic variables which subdivide the
population could be family size or income level. A separate dummy variable would be wesszhfor
family size category or income level category found in the population

The following equation illustrates how including demographic variables, the aggregate probability
function approximates each individual prottigbfunction.

eVit
~ P, foraln . P, » ——

it
Vit

P

it

|
e
i=1

WhereV, is a function of the K-size attribute vector containing elements taken as averages over segments
of the population N, with these segments defined by dummy variables.

This allows estimation of the model using a singl€ matrix over the population.

MODEL STRUCTURE

The AFV module operates in two stages, using a bottom-up approach to determine the eventual
market shares of conventional and alternative vehicles. Results from the lower stages are passed to
the next higher stage in the sequence. As the prices of alternative fuel vehicles are functions of sales
volume (estimated in the FEM Model), the AFV Model goes through two iterations; first, estimating
sales volume using the previous year's volume-dependent prices, then re-estimating prices and
consequent sales. The first step in the calculation involves the evaluation of Stage 2, in which market
shares for all alternative vehicles are estimated. The average characteristics of alternative vehicles
are subsequently passed to Stage 1, where the final mix of alternative and conventional vehicles is
calculated.

An additional constraint is included at each stage of the market share calculation which incorporates
commercial availability of the alternative-fuel technology. The aggregate probability function assumes
that all technologies are fully developed and available to the consumer at the present time. This

° The number of dummy variables required in subdividing the population is one less than the number of groups so that if 5
family size groups were included in the module 4 dummy variables would be required.
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assumption does not hold true for most of the alternative-fuel technologies, which at the present time
still remain in development stages. Thereforeygerimit constraint is phced on the market share
penetration of alternative vehicle sales corresponding to the expected development and commercial
availability of alternative fuel vehicles. This constraint applies to the early years and is gradually
reduced through the forecasting period, via a logistic curve for each technology. The equations
associated with each stage of the model are presented below, in order of execution.

The Alternative Fuel Vehicle Model flowchart is presented in Figure 3A-3 below. More detailed
sketches of AFV calculations are presented at the end of Section 3A.
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Figure 3A-3. Alternative Vehicle Model
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STAGE 2

Stage 2 determines the relative market shares among the set of alternative vehicles. The result of this
step is a prototypic AFV whose characteristics are determined by the market share-weighted
attributes of all 13 alternative vehicle types. The sequence of calculations is presented below.

Calculate vehicle purchase price in nominal dollars:

PSPR

I\it,osc

= PRI

i,it,osc

*TMC_PGDP (88)

where:
i = Index referring to vehicle type (car or light truck)
it= Index referring to fuel type (1-16)
osc= Index referring to vehicle size class (1-6)
PRI = Aggregate vehicle price
TMC_PGDP = Implicit GDP price deflator from Macro Module, used to convert $90 to nominal

Calculate fuel costs:

FPRICE, , *TMC_PGDP

I:LCOST,it,osc;ir = MPG (89)

1,it,osc

where:
FLCOST = Fuel operating costs for each technology, in nominal $ per mile
FPRICE = Vehicle fuel price in nominal $ / gallon
ir = Index referring to 9 census regions
MPG = Aggregate vehicle fuel economy

Calculate top speed in miles per hour:

HPW

1,it,0sc
WGT ) (90)

i,it,osc

TPSD) g = 518.0¢ (

where:
HPW = Vehicle horspower
WGT = Vehicle weight

Calculate acceleration (0-30 mph) in seconds:
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WGT

iit,osc

HP\Niitosc 079
ACCL o5, = 0.312¢ | 1O (91)

Calculate maintenance and battery costs in nominal dollars:

~ MAINTCAR, *TMC_PGDP

MAINTl,it,osqir - 1.326
and ©2)
MAINTTRK , *TMC_PGDP
MAINT, ; oscir = 1y326

where:
MAINTCAR = Car maintenance and battery costs in $ 96, from OTT Quality Metrics 99
MAINTTRK = Light truck maintenance and battery costs in $ 96, from OTT Quality Metrics 99

Determine fuel availability relative to gasoline, FAVA|L. which is set to the highest value
associated with the group of fuels used in multi-fuel vehicles.

FAVAIL,, = MAX (FAVAIL,,) (93)

Calculate the fraction of market demand of a technology which is commercially available:

-1

CAVL, = |1 + EXP (94)

( TT5Q, - YEAR)

where:
TT50 =The exogenously specified year in which 50% of the demand for techiitotagybe met

Calculate the logit function inputs from the attributes and coefficients, by region.
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VCZAFVTECHREG - EXP[ Xl I:)Sl:)R\FVTECH + XZ I:I‘Cos-llt\FVTECHREG

+ X3VRNG g rech + X4 TPSDevrech + Xs ACCLypyrecH

+ Xg DR25Qr1ecH + X; DR20Q\ryrecHreG

(95)
Xg MFUEL \ryrechres + Ko HFUEL pyrech + Xio MAINT o recy

+

+

xll LUGGAFVTECH + x14 RGTZSQFVTECH

+

Bea FAVLaevrechrEG * Bra FAVLZAFVTECHREG]

where:
VC2 = Consumer utility associated with valuation of VC2 equation
PSPR = Price of each AFV technology in nominal $
FLCOST = Fuel operating costs for each AFV technology in nominal $
VRNG = Vehicle range of the considered technology
TPSD = Top speed in mph
ACCL = Acceleration from 0-30 mph in seconds
DR250 =Dummy variable for gasoline capable vehice with range >250 miles
DR200 =200 miles < Dummy variable for gasoline capable vehicle with range < 250 miles
MFUEL = Dummy variable for multi-fuel vehicles
HFUEL = Dummy variable for home refueling for EV’s
MAINT = Maintenance and battery replacement costs in nominal $
LUGG = Luggage space indexed to gasoline in in"3
RGT250 = Gasoline capable vehicle with range in excess of 250 miles
FAVL= Fuel availability indexed to gasoline fuel availabity by census division
FAVL 2= Fuel availability squared term

It is important to note that each coefficient varies by size class across both cars and light trucks. For
more detail see Volume Il appendix E.

Exponentiate utility vector, and adjust by commercial availability factor:

EVCZiisir = EXP[VCa,it,is,ir] * CAVL, (96)

Calculate relative market shares within the AFVs, by region:
EVc%it,is,ir
13 (97)
Z EVc%it,is,ir

it=1

APSHR2Z . =
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STAGE 1

Stage 1 determines the final mix of conventional and alternative teafiasjousig the share-
weighted averge characteristics of AFV's determined ing&t@. Three technoges are considered
in this stge: gasoline, diesel, and alternatives.

Calculate the wghted averge characteristics of alternative vehicles, and regordi technolgy
indices to reflect the copression of thirteen alternative techngites into oneorototype:

13
lPi,it,is,ir = Z lPi,it,is,ir ) APSHRZ%S,ir,it (98)

it=1

where:
¥ = PSPR, FLCOST, VRNG, TPSD, ACCL, DR250, DR200, MFUEL, HFUEL, MAINT, LUGG,

RGT250,FAVL, and FAVLZ

Calculate the logit function inputs from the attributes and coefficients, by region.

VClhevrecres = EXPLX  PSPRerecy + X, FLCOS Ty rechres
* X VRNG g recy + Xy TPSDyrecy + X5 ACCLyryrechH

X5 DR25Q ey recy + X; DR20Q\ recirec

X MFUEL \r\recires + X9 HFUEL pyrecy + Xo MAINT, o7y

+

(99)

+

+

X LUGG, ey + X, RGT25Q0 1y

+

Pea FAVLArvTECHREG * PrA2 FAVLZAFVTECHREG + CALIB]

where:
VC1 = Consumer utility associated with valuation of VC1 equation
PSPR1 = Price of each AFV technology in nominal $
FLCOSLT = Fuel operating costs for each AFV technology in nominal $
VRNGL1 = Vehicle range of the considered technology
TPSD1 = Top speed in mph
ACCI1L = Acceleration from 0-30 mph in seconds
DR2501 = Dummy variable for gasoline capable vehice with range >250 miles
DR2001 = 200 miles < Dummy variable for gasoline capable vehicle with range <250 miles
MFUEL1 = Dummy variable for multi-fuel vehicles
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HFUEL1 = Dummy variable for home refueling for EV's
MAINT1 = Maintenance and battery replacement costs in nominal $
LUGG1 = Luggage space indexed to gasoline in in*3
RGT2501 = Gasoline capable vehicle with range in excess of 250 miles
FAVL1= Fuel availability indexed to gasoline fuel availabity by census division

FAVL172= Fuel availability squared term
CALIB = Calibration term used to match historical AFV sales in 1998

Itis important to note that each coefficient varies by size class across both cars and light trucks. For
more detail see Volume Il appendix E.

Exponentiate utility vector, and adjust by commercial availability factor:

EVCL i = EXP[VC]'i,it,is,ir] + CAVL, (100)

Calculate the relative market shares of conventional and alternative vehicles, by region:

E\/C]T,it,is,ir

Z E\/C]T,it,is,ir

it=1

APSHR1L; ; = (101)

The final step is to combine the market shares of the preceding two stages to produce absolute market
shares of each of the sixteen technologies addressed in this model. The absolute regional market
shares of gasoline and diesel vehicles remain unchanged from those calculated in Stage 1, the AFV
market shares from Stage 2 are adjusted by the total alternative market share from Stage 1. These
values are placed in APSHRA44 whereit represents the expanded sixteen technologies.

For gasoline (it=16) and diesel vehicles (it=15):
APSHR44,; ¢ = APSHR1L; 5
and (102)
APSHR44,; 15 = APSHR1L;; ,

For AFV's (IT=1-13):
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APSHR44,, , = APSHR1],, , * APSHR2Z, (103)

On the first iteration of this model, the vehicle sales by technology type are passed back to the FEM
Model to re-estimate the sales-dependent vehicle prices, and the revised prices are passed back to the
AFV Model. Following the second iteration, these values are passed to the LDV Stock Module, in
which the average attributes of the fleet of private light-duty vehicles are determined.
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Figure 3A-4. Fuel Economy Model 1: Economic Market Share Calculation
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Figure 3A-5. Fuel Economy Mode
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Figure 3A-6. Fuel Economy Model 3:

Weight and Horsepower Calculations
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Figure 3A-7. Fuel Economy Model 4: CAFE Calculations
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Figure 3A-8. Alternative Fuel Vehicle Model Stage 2
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Figure 3A-9. Alternative Fuel Vehicle Model Stage 1
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3B. LDV Fleet Module

The Light Duty Vehicle Fleet Module generates estimates of the stock of cars and trucks used in
business, government, and utility fleets, and subsequently estimates travel demand, fuel efficiency, and
energy consumption by these fleet vehicles prior to their transition to the private sector at
predetermined vintages. The LDV Fleet Module has also been amended to include a characterization
of Light Commercial Trucks (LCT’s), which are used in business and trade, and are not classifiable
under either the LDV model or the Highway Freight Model.

3B-1. LDV Fleet Module

RATIONALE

Fleet Vehicles are treated separately in TRAN because of the special characteristics of fleet light duty
vehicles. The LDV Fleet Module generates estimates of the stock of cars and light trucks which are
used in three different types of fleets, as well as VMT, fuel efficiency and energy consumption
estimates which are distinct from those generated for personal light duty vehicles in the LDV and
LDV Stock Modules. The primary purpose for this is not only to simulate as accurately as possible
the very different sets of characteristics one would expect to see in fleet as opposed to personal
vehicles but also to allow for the greater opportunity for regulaton and policy-making that fleet
purchases represent. Legislative mandates for AFV purchases, fleet fuel efficiencies, etc. can be
incorporated through the subroutine TLEGIS, which has been set up specifically for this purpose.

ALTERNATIVE SPECIFICATIONS
No alternative specifications were considered.

MODEL STRUCTURE

In a departure from the conventions of other modules, this model uses the same variable names for
cars and light trucks; they are distinguished by the value of an index designating vehicle type.
Vehicles are also distinguished by the type of fleet to which they are assigned; business, government,
and utility fleets are assumed to have different operating characteristics and retirement rates. This
model consists of three stages: determine total vehicle purchases, surviving fleet stocks and travel
demand, calculate the fuel efficiency of fleet vehicles, and estimate the consequent fuel consumption.
The flowchart for the Light Duty Vehicle Fleet Module is presented below in Figure 3C-1.
Additional flowcharts outlining major LDV Fleet calculations in more detail are presented at the end
of this section.
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Figure 3B-1. Light Duty Vehicle Fleet Module
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Calculate Fleet Stocks

Calculate fleet aguisitions of cars anddht trucks:
FLTSAL;_,;yy = FLTCRAT * SQTRCARS* FLTCSHR,,

and (104)

FLTSAL; ;s = FLTTRAT + SQDTRUCKSL * FLTTSHR,,

where:
FLTSAL = Sales to fleets by vehicle and fleet type

FLTCRAT = Fraction of total car sales attributed to fleets
FLTTRAT = Fraction of total truck sales attributed to fleets
SQTRCARS = Total automobile sales in a given year
SQDTRUCKSL = Total light truck sales in a given year
FLTCSHR = Fraction of fleet cars purchased by a given fleet type
FLTTSHR = Fraction of fleet trucks purchased by a given fleet type
IT = Index of vehicle type: 1 = cars, 2 = light trucks
ITY = Index of fleet type: 1 = business, 2 = government, 3 = utility

For cars onyl: searate the business fleet sales into "covered” and "uncovered" strata, gefleetin
fact that EPACT rgulations do not extend tprivately owned or leased fleet vehicles. This
separation is based on an extadation of historical trends in business fleets, gigin assumedpyper
limit. Details on this, and other derivations previded in the Apendix.

BFLTFRAG _,o,, = BFLTFRAG,, + (BFLTFRAG,,, - BFLTFRAG,, ) - EXP' (") (105)

and:

BUSCOV = FLTSAL; , 1y, 1 - BFLTFRAG (106)

where:
BUSCOV = Business fleet acquisitions covered by EPACT provisions

BFLTFRAC = Fraction of business fleet purchases covered by EPACT provisions in year T
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Calculate thgoercentge of fleet vehicle sales whigo to fleets of 50 or more vehicles:
For cars:

1
FLTPCT 1 1 irvo1.30rs-3 = s m} -
For light trucks:
k
FLTPCT 5 17v-1,3ps-3 = (30)*™ o

where:
k; = Normalized proportionality constaant for automobile fleets, estimated to be 1.386.
k. ity = Proportionality constant for business and utility fleetss, -0.747 and -0.111, rrespectively.

Calculate the number of fleet vehicles covengthieprovisions of EPACT, takimpinto consideration
thegeagraphic and central-refuelljpconstraints. These constraints are constant, and are tabulated
below.

For cars:
FLTSALX; _; iry.11 = BUSCOV - FLTPCT; 1y 1 - CTLREFUEL;, - MSA, - FLT2Q;,

and (109)
FLTSALX;_; jry.11 = FLTSAL; 1y 1 - CTLREFUEL,, - MSA, - FLT2Q,,

For light trucks:
FLTSALX; 5 jry-1.31 = FLTSAL; 1y 1 © FLTPCT; 11y 1 - CTLREFUEL;, - MSA;, + FLT20y,

and (110)
FLTSALX; _; \ry-21 = FLTSAL; 1y 1 - CTLREFUEL, - MSA, - FLT2Q,,

where:
FLTSALX = The number of vehicles of each vehicle and fleet type subject to EPACT requirements.
CTLREFUEL = The percentage of fleet vehicles which are capable of being centrally refuelled.
MSA = The percentage of fleets which have 20 or more vehicles located within urban areas.
FLT20 = Ther percentage of fleet vehicles actually located within urban areas.
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Geographic Constraints, by Fleet Type
Business Government Utility
(ITY=1) (ITY =2) (ITY =3)
CTLREFUEL 50% 100% 100%
MSA 90% 63% 90%
FLT20 75% 90% 90%

The number of alternative-fuel vehicles sold for each fleet and vehicle type under EPACT mandates
is then estimated:

FLTALTE, ;v = FLTSALX; 1y 1 - EPACT3y (111)

where:
FLTALTE = AFV sales to fleets under EPACT mandates
EPACT3 = Sales-weighted aggregation of EPACT purchase requirements, reflecting impacts on
three fleet types. See the Appendix for further details.

The number of alternative-fuel vehicles which would result from a continuation of historical purchase
patterns is also calculated, representing a minimum acquisition level:

FLTALTH; v = FLTSAL; ;- FLTQAPSHRY, (112)

where:
FLTALTH = Fleet AFV purchases, using constant historical shares.
FLTAPSHR1 = Fleet percentage of AFV's, by fleet type.

Determine total alternative fuel fleet vehicle sales, using the maximum of the market-driven and
legislatively mandated values :

FLTALT jrv 1 = MAX[FLTALTET,ITY,T ’ FLTALTHT,ITY,T] (113)

where:
FLTALT = Number of AFV's purchased by each fleet type in a given year
FLTAPSHR1 = Fraction of each fleets' purchases which are AFV's, from historical data
EPACT = Legislative mandates for AFV purchases, by fleet type

The difference between total and AFV sales represents conventional sales:
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FLTCON\{T,ITY,T = FLTSAI‘TT,ITY,T - FLTALT; j7yr (114)

where:
FLTCONYV = Fleet purchases of conventional vehicles
FLTSAL = Sales to fleets by vehicle and fleet type
FLTALT = Number of AFV's purchased by each fleet type in a given year

Fleetpurchases are sulmgeently divided ly size class:

FLTSLSCA ;rvisr = FLTALT 1y * FLTSSHR 1 11vis

and: (115)

FLTSLSCGr rvist = FLTCONV; v+ FLTSSHR 17v)s

where:
FLTSLSCA = Fleet purchases of AFV's, by size class
FLTSLSCC = Fleet purchases of conventional vehicles, by size class
FLTSSHR = Percentage of fleet vehicles in each size class, from historical data
IS = Index of size classes: 1 =small, 2 = medium, 3 = large

A new variable is then established, digagating AFV sales lg ergine technolgy:

FLTECHSAL; iry_1isimech = FLTSLSCA ry_1is * APSHRFLTR recyry-s

I:LTECHSAlﬁ,ITY;e1,IS,ITECH - FLTSLSC'IQF,ITY;el,IS * FLTECHSHRTECH,ITY (116)

and:

FLTECHSAL; 1y smech-6 = FLTSLSCG 1v;s

where:
FLTECHSAL = Fleet sales by size, technology, and fleet type
APSHRFLTB = Alternative technology shares for the business fleet
FLTECHSHR = Alternative technology shares for the government and utility fleets
ITECH = Index of engine technologies: 1-5 = alternative fuels (neat), 6 = gasoline

Sales are then summed across size classes:

3

FLTECH: i1y irecH = |sz—:1 FLTECHSAL 7 17v)s mecH (117)
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where:
FLTECH = Vehicle purchases by fleet type and technology

The next step is to modify the array of surviving fleet stocks from previous years, and to add these
new acquisitions. This is done by applying the appropriate survival factors to the current vintages
and insertingFLTECH into the most recent vintage:

I:LTSTK\/NF,ITY,ITECH,IVINT,T - I:LTSTK\/Nf,ITY,ITECH,IVINT—l,T—l * SUR\/FLT-!;T,IVINT—l

and (118)
FLTSTKVNF,ITY,ITECH,IVINT =17 © FLTECHT,ITY,ITECH,T

where:
FLTSTKVN = Fleet stock by fleet type, technology, and vintage
SURVFLTT = Survival rate of a given vintage
IVINT = Index referring to vintage of fleet vehicles

The stocks of fleet vehicles of a given vintage are then identified, assigned to another variable, and
removed from the fleet:

OLDFSTK: irvirechivintr = FLTSTKVN vy rechvinT (119)

where:
OLDFSTK = Old fleet stocks of given types and vintages, transferred to the private sector

The variableoLDFSTK is subsequently sent to the LDV Stock Model to augment the fleet of private
vehicles. The vintages at which these transitions are made are dependent on the type of vehicle and
the type of fleet, as shown below.

Vehicle Type (VT) Fleet Type (ITY) Transfer Vintage (IVINT)
Automobile (VT = 1) Business (ITY = 1) 5 Years
Automobile Government (ITY = 2) 6
Automobile Utility (ITY = 3) 7
Light Truck (VT = 2) Business 6
Light Truck Government 7
Light Truck Utility 6
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Total surviving vehicles are then summed across vintages:

6
TFLTECHST}&,ITY,ITECH,T = Z I:LTSTKVI\l/T,ITY,ITECH,IVIN,T (120)

IVIN =1

where:
TFLTECHSTK = Total stock within each technology and fleet type

Calculate the grand total of surviving vehicles:

2 3 6
TOTFLTSTK = . Y Y TFLTECHSTK; 1y irecht (121)

VI=1ITY=1ITECH=1

where:
TOTFLTSTK = Total of all surviving fleet vehicles

The percentage of total fleet stock represented by each of the vehicle typesherudiotges is
determined as follows:

IFLITECHS rI‘I’,ITY,ITECH,T

VESTKRPRy ryimeent = 5 122
.TZ:1 .g; m:Z._.:, . TFLTECHST}I(T,ITY,ITECH,T

where:
VFSTKPF = Share of fleet stock by vehicle type and technology

Vehicle sales and market shares are then adjusted to reflect the California's legislative mandates on
sales of zero-emission vehicles (ZEV's) and ultra-low emission vehicles (ULEV's), which have also
been tentatively adopted by New York and Massachusetts.

Calculate regional vehicle sales, by technology and size class:

Energy Information Administration
NEMS Transportation Demand Model Documentation Report 75



VSALE%is,ir it = APSHRA44,

Tjis,ir it

* NCS s

and (123)
VSALE§,is,ir,it = APSHR4§',is,ir,it * NLTSr,is

where:
NCS = Regional new car sales within corresponding size classes
NLTS = Regional new light truck sales within corresponding size classes

Calculate total regional sales of electric and electric hybrid vehicles:

6 10
ELECVSA| = ) ) VSALES, (124)

is=1 it=7

where:
ELECVSAL = Regional electric vehicle sales

Calculate total vehicle sales across all technologies:

16
VSALEST, = Y VSALES, , (125)

it=1

where:
VSALEST = Total regional vehicle sales, by size class

Calculate mandated sales of ZEV's by participating state:

ZEVST, = (TMC_SQTRCARS: STATESHR,,

(126)
+ TMC_SQDTRUCKSL: STATESH§m=2> * ZEV

where:
ZEVST = State-mandated minimum sales of ZEV's
TMC_SQTRCARS = Total car sales, from the MACRO module
TMC_SQDTRUCKSL = Total light truck sales, from the MACRO module
STATESHR = Share of national vehicle sales attributed to a given state
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ZEV = State-mandated minimum sales share of ZEV's
ST= Index of participating state: CA, MA, NY
VT = Index of vehicle type: 1 = cars, 2 = light trucks

Calculate actual gasoline hybrid sales from the Fuel Economy Module where it is considered as one

among 59 conventional technologies:

2
VSALE§EVGHM = [ZleKT$PENFigp’nC’ift * SALESHI%p] * VSALES i
igp=
and (127)

4
VSALESEVGH,, - [stMKT$PE|\|Figp’nC’ift « SALESHR ] « VSALES,
gp=

where:
VSALES_EVGH = Electric gasoline hybrid vehicle sales

MKT$PENF = Percent market penetration

SALESHR = Sale share for group igp
ITC = Conventional technology 1-59; itc=59 (gasoline hybrid)

IT = engine technology descriptor, it=16 (conventional gasoline)
IFT = engine technology descriptor, ift=1 (conventional gasoline)

Sum all of the credits used based on the sales that the advanced technology vehicle (ATV) module

calculated from the logit model equations:

TOTCREDQ - VSALESEVGH, + VSALESEVDH, + VSALESFCM,, + VSALESFCG

i (128)

where:
VSALES_FCM = fuel cell methanol vehicles sales

VSALES_FCG = fuel cell gasoline vehicle sales

VSALES_EVDH = diesel hybrid vehicle sales
TOTCRED = total available ZEV credit sales from either hybrid or fuel cell vehicles

If the total sales of hybrids and fuel cell vehicles (excluding hydrogen fuel cells), TOTCRED, is less
than the total maximum allowable Low Emission Vehicle Program (LEVP) credits, then

AVSALE AVSALE [ (ZEVSALER » -9) ]
L= Lo K
Rt i TOTCRER - VSALESEVGH, (129)

where:
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AVSALES = final total vehicle sales by engine technology; for hybrids and fuel cells excluding hydrogen
ZEVSALES = total ZEV sales that are mandated in census division IR
.6 = refers to 60 percent of total ZEV’s that are the maximum allowable LEVP credits

first subtract the gasoline hybrid sales from the total maximum allowable LEVP credits. Next, the
remaining allowable credit sales are met by scaling up the other technologies available for the credit
(diesel hybrid, fuel cell gasoline, and fuel cell methanol).

Calculate the total sales of ZEV’s from the ATV module that consumers chose based on the logit
model.

TZEVSA|, = VSALESFCH,;, + VSALESEV,, (130)

where:
TZEVSAL = total ZEV sales of hydrogen fuel cell and dedicated electric vehicles

If the total sales of electric dedicated and hydrogen fuel cell vehicles is less than the remaining 40
percent of the originial ZEV sales mandate,

ZEVSALES » .4)
TZEVSA|,

AVSALES,, , = AVSALES; ; * [ (131)

where:
AVSALES = final total vehicle sales by engine technology; for electric dedicated and hydrogen fuel cell

All of the additional sales of vehicles resulting from scaling up the hybrid and fuel cell vehicle sales
are subtracted from the gasoline vehicles:

AVSALER; = AVSALESR;; ; - DEL_TECH, & (132)

where:
DEL_TECH = sum of all the additional vehicle sales from scaling up hybrid and fuel cell vehicle sales to meet
the credits or the ZEV mandates

Sum adjusted vehicle sales across technologies:

16
AVSALEST, = ¥ AVSALES,, (133)

it=1
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where:
AVSALEST = Total regional adjusted vehicle sales by size class

Calculate new absolute market shares for each vehicle technology:

APSHRSS, . = ~VoALERy
Riit = VS ALES], (134)
where:
APSHR55 = Absolute regional market shares of adjusted vehicle sales
13) Calculate new car and light truck sales using market shares:
NCSTEC'TI'ISII = NCSr,is * APSHRS?iS,ir,it
and (135)

NLTECH, . = NLTS ;; * APSHR55,,

where:
NCSTECH = Regional new car sales by technology, within six size classes
NLTECH = Regional light truck sales by technology, with six size classes

Calculate Fleet VMT
Historical data on the amount of travel by fleet vehicles is now used to estimate total fleet VMT:

2 3 6

FLTVWMT, = > Y 3 (TFLTECHSTK rymecur * FLTYMTYR, 1) (136)
IT=1ITY=1ITECH=1

where:
FLTVMT = Total VMT driven by fleet vehicles
FLTVMTYR = Annual miles of travel per vehicle, by vehicle and fleet type

Total VMT is then disaggregated by vehicle type and technology:

FLTVMTECH; i1y jrecnr = FLTVMT « VESTKPR 1 1y irechy (137)

where:
FLTVMTECH = Fleet VMT by technology, vehicle type, and fleet type
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Calculate Fleet Stock MPG

The average efficiencies of the five non-gasoline technologies (ethanol, methanol, electric, cng, and
Ipg) are calculated as follows:

FLTMPG

Lityit

(138)

isz;l MPG,

1,its,is

[ 6 FLTECHSAIi_YitinSYit}l

where:
FLTMPG = New fleet vehicle fuel efficiency, by fleet type and engine technology
ITS= Index which matches technologies in the AFV model to correspofiding
ITY = Fleet types referring to business, government, or utility

For conventional technologies, whidix6 refers to gasoline ICE's, the calculation is similar. The
new fleet vehicle fuel economy is calculated as follows:

5, FLTECHSAL, .

FLTMPG = (139)
e isz;l MPGl its=16js
Calculate the average fleet MPG for cars and light trucks:
26: 26: FLTECH,,, |*
-1 i1 FLTMPG
FLTMPGTOT = '361 ' 61 Liy (140)
>, ) FLTECH,,
| is=1 it=1 ]

where:
FLTMPGTOT = Overall fuel efficiency of new fleet cars and light trucks

The fuel efficiency of new vehicles is then added to an array of fleet stock efficiencies by vintage,
which is adjusted to reflect the passage of time.

For ivint=1:
CMPGFSTK, i vintn = FLTMPG i
and (141)
TMPGFSTKylt wintn = FLTMPGZ,ity’it”n

Energy Information Administration
NEMS Transportation Demand Model Documentation Report 81



where:
CMPGFSTK = Car fleet MPG fleet type, technology, and vintage
TMPGFSTK = Light truck fleet MPG by fleet type, technology, and vintage

For ivint=2,7:
CMPGFSTIﬁy,it,ivint,n - CMPGFSTIﬁy,it,ivint—l,n—l
and (142)
TMPGFSTIﬁy,it,ivint,n - TMPGFSTIﬁy,it,ivint—l,n—l

Average fuel efficiency by vehicle and fleet type is then calculated:

I:l—TSK-]-\/N,ity,it,ivint N
MPGELTSTK - | '3~ \ CMPGFSTK, i * CDFRFG
Ig,ityyit VN 1 ( FLTSTKVN,ity,it,ivint)
and (143)
I:l—TSKTVN,ity,it,ivint N
PGELTST ) maxvint TMPGFSTIﬁy,it,ivint * LTDFRFG
Ig,ityyit VN 1 ( FLTSTKVI\JYity,it,ivint)

where:
MPGFLTSTK = Fleet MPG by vehicle and fleet type, and technology, across vintages
MAXVINT= MaximumIVIN index associated with a given vehicle and fleet type

The overall fleet average MPG is finally calculated for cars and light trucks:

3. & TFLTECHSTK, ’1

FLTTOTMPG = | }_ )}

(144)
ty-1it-1 MPGFLTSTK; 4

where:
FLTTOTMPG = Fleet vehicle average fuel efficiency for cars and light trucks
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Calculate Fuel Consumption by Fleet Vehicles

Fuel consumption is simply the quotient of fleet travel demand and fuel efficiency, which have been
addressed above:

FLTVMTECH,, ;
FLTLDVG = — (145)
i MPGFLTSTK,,
where:
FLTLDVC = Fuel consumption by technology, vehicle and fleet type
Consumption is then summed across fleet types, and converted to Btu values:
3
FLTFCLDVBTY;, = 3y FLTLDVC,,;; * QBTU, (146)

ity =1

where:
FLTFCLDVBTU = Fuel consumption, in Btu, by vehicle type and technology
QBTU = Energy content, in Btu/Gal, of the fuel associated with each technology

Consumption by trucks and cars are added, and total consumption is subsequently divided among
regions:

2
FLTFCLDVBUTFﬁYit = Z FLTFCLDVBTY, * RSHR (147)
i=1 '

where:
FLTFCLDVBTUR = Regional fuel consumption by fleet vehicles, by technology
RSHR = Regional VMT shares, from the Regional Sales Model
IR = Index of regions
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3B-2. LIGHT COMMERCIAL TRUCK MODEL

RATIONALE

As it was originally structured, the NEMS Transportation Model addressed trucks in two separate
modules according to their presumed primary use: light duty trucks (LDT's), defined as 2-axle, 4-
tire trucks with a gross vehicle weight (GVW) of less than 8,500 pounds, assumed to be used
principally for personal transport and described within the Light Duty Vehicle Mode; and medium
and heavy duty trucks, with GVW's of over 10,000 pounds, addressed in the Highway Module of
the Freight Transport Model. While this accounted for the overwhelming majority of trucks on the
road, there was one obvious gap in coverage. Trucks with a GVW of between 8,500 and 10,000
pounds were not explicitly characterized in the Transportation Model, but were represented through
the use of estimated adjustments to the results of the freight model. The purpose of this section is
to characterize the stock and driving patterns of these light commercial trucks (LCT's) within the
NEMS structure.

ALTERNATIVE SPECIFICATIONS
No alternative specifications were considered.

MODEL STRUCTURE

The primary thrust of this model is to provide a stratification mechanism to allocate the stock and
new sales of LCT’s among the various major-use groups considered in this model. This involves
using the distribution of trucks reported in the 1992 Truck Inventory and Use Survey (TIUS) to
estimate the fraction of trucks that fall into the 8.5 to 10 thousand pound weight category, and
subsequently distribute them according to their "principal products carried". Trucks are classified
by body-type (pickup and other single-unit trucks) and axle configuration (2-axle, 4-tire and other).
Historical stock numbers are derived from FHWA'’s Highway Statistics, and new sales are obteined
from the macroeconomic model. In addition to providing a distribution of trucks according to major
use, TIUS provides sufficient data to estimate average annual miles and fuel economy within each
strata. Flow charts describing the stratification scheme for existing truck stock and new purchases
are provided below. A description of the data and the derivation of the stratification estimates are
provided in the Light Commercial Truck Attachment in Appendix E.
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Figure 3B-2. Distribution of FHWA Single-Unit Truck Stocks
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Figure 3B-3: Distribution of Light Truck Sales
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LCT Model Equations

Calculate the light commercial trucks sales:

LT CLTT = MC_SQDTRUCKSL+ LT10K * 1e® (148)

where:
LT_CLTT, = Sales of light trucks less than 10,000 pounds
MC_SQTRUCKSL, = Total sales of light trucks, from the Macro Model
LT10K = Fraction of Light Duty Trucks with a gross vehicle weight of less than 10,000 pounds

Divide LCT sales between 2-axle, 4-tire and other single-unit (OSU) trucks:
CLTSAL2A4AT= LT_CLTT = LT2A4

and (149)
CLTSALOSU= LT _CLTT = LTOSU

where:
LT2A4 = Fraction of new light trucks of the 2-axle, 4 tire configuration
LTOSU = Fraction of new light trucks of other configuration

Divide sales of both truck types into pickup and non-pickup styles for trucks between 8,500 and
10,000 pounds:

CLTSAL2AATY, = CLTSAL2AAT+ LT2A4CLT,,

and (150)
CLTSALOSU§y| = CLTSALOSUx* L-|_C)SUCL-|;_tyI

where:
LT2A4CLT,,, = Fraction of 2-axle, 4-tire trucks between 8.5 and 10 thousand pounds, by style
LTOSUCLT,,, = Fraction of other single unit trucks between 8.5 and 10 thousand pounds, by style

istyl = Index of truck style: 1 = pickup, 2 = other
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Allocate sales among the aggregate major-use groups:

CLTSALrSYistleisiC = CLTSAL2A4T§yI * CLTSICSHB,istyLisic foris = 1
and (151)
CLTSALrSYistleisiC = CLTSALOSU§yI * CLTSICSHB,istyLisic for is = 2
where:

CLTSICSHR = Share of LCT sales allocated to each major-use group, by truck type and style
is = Index of truck type: 1 = 2-axle, 4-tire; 2 = other single-unit truck
isic= Index of major use group: 1 = Agriculture; 2 = Mining; 3 = Construction; 4 = Trade;
5 = Utilities; 6 = Personal

Update LCT stocks to reflect survival curve and sales:

CI‘-I-STKls,istyI,isic,n = CLTSTKls,istyI,isic,n—l*SURVCL-’; + CLTSAITS,istyI,isic,n (152)

where:
CLTSTK = Light commercial truck stock
SURVCLT = Percentage of previous year’s stock which gets carried over, by truck type

Estimate the VMT demand for LCT'’s, by sector:

CLTVMT, CLTVMT, LT
is,istyl,isic,n is,istyl,isic,n-1 (153)
CLTSIQsic,nfl
where:
CLTSIC,.= Aggregate measures afdustrial output for sectors 1-5; level of personal travel

demand for sector 6.

Estimate new LCT fuel economy, assuming that growth from baseline (1992) values parallels that
of other light-duty trucks:

MPGT,

NCLTMPQs,istyI,isic,n = NCLTMPQs,istyI,isic,nfl * W
n-1

(154)

where:
MPGT = Light-duty truck miles per gallon (gasoline technology), from the LDV Stock Module
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Incorporate new LCT estimates into existing stock:

( CLTSTI&,istyl,isic,nfl * SURVCL-};) + ( CLTSAI?‘s,istyl,isic,nfl ) * LTDFRFGh
CLTMPst,istyl,isic,nfl NCLTMPG{J,ixtyl,isic,nfl

CI--I—S-I—Ks,,is.tyl,is.ic,n

-1

(155)

CLT™M PGfs,istyI,isic,n -

where:
CLTMPG = Stock MPG of light commercial trucks, by truck type and style
LTDFRFG = Scaling factor, associated with the increased use of reformulated gasoline

Calculate aggregate sales-weighted new LCT MPG:

( CLTSAL istyi isic ) !
> Y ) CLTSAL igyi,isic 156
NCLTMPGT: Z Z Z is istyl isic Y ( )
is istyl isic NCLTMPGI‘s,istyl,isic

Calculate VMT-weighted stock average MPG for light commercial trucks:

( CLTVM-I;s,istyl,isic ] !
E E ZCLTVM-IISJS Lisic * 1e® 157
CLTMPGT= Y ¥ ¥ RV Y (157)

is istyl isic CI‘TMF)G’s,istyl,isic

Calculate fuel consumption in gallons and Btu’s for each truck type, style, and major-use category:

CLTVMT ico isi
CLTGAL jsty1 isic = TP Al L
G’s,istyl,isic
and (158)
5.253
CI'TBTQS,istyl,isic - CI‘TGALi's,istyl,isic * T

Calculate total Btu consumption by light commercial trucks, by summing over the indices:

CLTBTUT= ) 3 3 CLTBTU (y cic (159)

is istyl isic
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Figure 3B-4: LDV Fleet Module 1: Process New Fleet Acquisitions
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Figure 3B-5. LDV Fleet Module 2: Determine Characteristics of Existing Fleets
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Figure 3B-6. LDV Fleet Module 3: Determine Fleet Fuel Economy and Consumption
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3C. LDV Stock Module

The Light Duty Vehicle Stock Module takes sales and efficiency estimates for new cars and light
trucks from the LDV Module, and returns the number and characteristics of the total surviving fleet
of light-duty vehicles, along with regional estimates of LDV fuel consumption.

The Light Duty Vehicle Stock Module flowchart is presented in Figure 3C-1 below. More detailed
sketches of LDV Stock calculations are presented at the end of Section 3C.

3C-1. LDV Stock Accounting Model

RATIONALE

The existing stock model is perhaps the most important transportation sector model, since by far the
largest portion of transportation energy consumption is accounted for by light duty vehicles that are
at least a year old. The LDV Stock Accounting Module takes the results of the LDV Module, i.e.,
the number and characteristics of newly purchased cars and light trucks, and integrates those into
the existing stock of vehicles, taking into account vehicle retirements and vehicles which are
transferred from fleets to private ownership. The result is a snapshot of the "average" car for each
region.

These characteristics are passed to the VMT Model, which determines the average number of miles
driven by each vehicle in the current year. The product then becomes the regional fuel consumption
estimate.

ALTERNATIVE SPECIFICATIONS
No alternative models were considered.

MODEL STRUCTURE
The flowchart for the LDV Stock Module is presented below in Figure 3C-1. More detailed
flowcharts are presented at the end of this section.
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Figure 3C-1. Light Duty Vehicle Stock Module
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The first step is to calculate total vehicle sales by technology for the current time period

6 9
TECHNCS = Y} ) NCSTECH

is=1ir=1

and (160)

6 9
TECHNLT, = ) ) NLTECH,

is=1ir=1

where:
TECHNCS = Total new car sales, by technology

TECHNLT = Total new light truck sales, by technology
NCSTECH = New car sales, by region, size class, and technology, from the AFV Model

NLTECH = New light truck sales, by region, size class, and technology, from the AFV Model

These variables are assigned to the first vintages of the automobile and light truck stock arrays, and

the population of subsequent vintages are calculated:

ForIVINT = 2-19:
I::"A‘SS-I-Pit<,ivint,n = I::"A‘SS-I-Pit<,ivint—l,n—l * SSURVE/)int—l
and (161)
I‘TSTKn,ivint,n = I‘-I-S-I-Kn,ivint—l,n—l * SSURVL;!;int—l
ForIVINT = 20:

* SSURVE/)intzlg)

PASSTK int-20n = (PASSThﬁivintzlgn—l
+ (PASSTléivint:ZO,n—l * SSURVBint:ZO)

and (162)

LTSTK jvint-20n = (LTSTlﬁ,ivintzlgn—l * SSURVLEintzlg)
* (LTSTlﬁ,ivintzzon—l * SSURVLEintzzo)

where:
PASSTK = Surviving automobile stock, by technology and vintage

LTSTK = Surviving light truck stock, by technology and vintage
SSURVP = Fraction of a given vintage's automobiles which survive
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SSURVLT = Fraction of a given vintage's light trucks which survive
IVINT = Index of vehicle vintage (1-20)

The model encompasses ten vintages, with the tenth being an aggregation of all vehicles 10 years
old or older. SSURVP and SSURVLT thus each contain ten values measuring the percentage of
vehicles of each vintage which survive into the next year. These values are taken from the ORNL
Transportation Energy Data Book, which lists scrappage and survival rates for 25 vintages. Survival
rates for vintages 10 through 25 were simply averaged to collapse ORNL's 25 vintages into the 10
used by the Transportation Model.

The stock of selected vintages and technologies calculated above is then augmented by a number
of fleet vehicles which are assumed to roll over into the non-fleet population after a number of years
of fleet service:

PASS-I-|§,ivint = PASS-I-|§,ivint + OI‘DFSTlgar,ity,it,ivint
and (163)
I‘TSTlﬁ,ivint = I‘TSTlﬁ,ivint + OLDFSTKrucKity,it,ivint

where:
OLTFSTK = Number of fleet vehicles rolled over into corresponding private categories
IVINT = Transition vintage: vintage at which vehicles of a given type are transferred
ITY = Type of fleet vehicle: Business, Government, or Utility

Total stocks of cars and trucks are then determined by summing over vintages and technologies:

20 16
STKCAR= Y Y PASSTK,..
ivint=1 it=1 '
and (164)
20 16
STKTR= Y Y LTSTK.
ivint=1 it=1 '

where:
STKCAR = Total stock of non-fleet automobiles
STKTR = Total stock of non-fleet light trucks
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The share of each technology in the total LDV stock is finally calculated:

20
Y. (PASSTK,

. itivint * LTST'&
VSPLD\(t — ivint = 1

ivint ) (165)

STKCAR+ STKTR

where:
VSPLDV = The light duty vehicle shares of each of the sixteen vehicle technologies

The above variables are then used to determine average fuel efficiencies of the current year's stock
of non-fleet vehicles.

Calculate Stock Efficiencies for Cars and Light Trucks

Overall fuel efficiency is calculated as the weighted average of the efficiencies of new vehicles and
the efficiencies of the surviving vintages.

Sum new car and light truck sales across regions:

9
NVSALES, ., = 3. NCSTECH

ir=1

Jis,it
and (166)

9
NVSALES,, = Y. NLTECH,

ir=1

The average efficiencies of the fifteen non-gasoline technologies are calculated as follows:

Energy Information Administration
98 NEMS Transportation Demand Model Documentation Report



where:

6. NVSALES, ., 1t

)y

MPGCItZ is=1 MPGu:l,it,is

6
3y NVSALES,

is=1

and (167)

NVSALE§2,iS,it 1"
MPG

1=2,it,is

.Mml

7]
I
[N

MPGT, =

o

NVSALES,

o
A

MPGC = New car fuel efficiency, by technology
MPGT = New light truck fuel efficiency, by technology

The overall fuel efficiency of cars and light trucks is then calculated across the ten vintages
addressed in the mod®&l.Since older vehicles are driven less than newer vehicles, it is necessary
to weight the fuel efficiencies of each vintage according to the average number of miles driven.
This is done by summing the total number of miles driven across all vintages and technblogies:

where:

16 20
TOTMICT= ) Y PASSTK,.. * PVMT .
it =1 ivint=1 '
and (168)
16 20
TOTMITT = Y 3 LTSTK e * LVMT
it=11ivint=1

TOTMICT = Total miles driven by cars

TOTMITT = Total miles driven by light trucks
PVMT = Average miles driven by each vintage of automobile, from RTECS
LVMT = Average miles driven by each vintage of light truck, from RTECS

19 Initial (1990) values for on-road car and light truck fleet MPG are obtained from the 1991 RTECS.

1 vehicle-miles calculated in this step are used to establish relative driving rates for the various technologies. Actual
travel demand is generated by the model in a subsequent step.

Energy Information Administration
NEMS Transportation Demand Model Documentation Report 99



The next step is to calculate the total energy consumed across all vintages and technologies of cars
and light trucks. Since the on-road fuel efficiency of cars and trucks degrades over time, vintage
fuel efficiencies must be adjusted using degradation factors (which are assumed to remain constant
over time):

CMPGT - § § PASSTK, i,
it-1ivint-1 CMPGSTK .., * CDFRFG

+* PVMT.

ivint

and (169)

TMPGT = f: %03 I'TSTlﬁ,ivint * I‘VMTivint
it-1ivint-1 T TMPGSTK, .\ *+ LTDFRFG

where:
CMPGT = Automobile stock MPG
TMPGT = Light truck stock MPG
CDFRFG = Automobile fuel efficiency degradation factor
LTDFRFG = Light truck fuel efficiency degradation factor

Stock fuel efficiency for car and light truck is then simply the ratio of total travel to total
consumption for cars and light trucks:

scMmpg = JOTMICT
CMPGT
and (170)
STMPG = TOTMITT
TMPGT

Combining the results for cars and trucks provides the average fuel efficiency for all light duty
vehicles:

TOTMICT + TOTMITT
CMPGT + TMPGT

MPGFLT =

(171)

Calculate the average fuel efficiency for car and light truck by technology:
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20 PASSTK. .. * PVMT., . |1

Z ityivint ivint

vint-1 CMPGSTK .., * CDFRFG

20
Y PASSTK.

4 itivint
ivint=1

CMPG IT, =

* PVMT,

ivint

and (172)
20 LTSTK i * LVMT, 11

Z jvint ivint

vint-1 TTMPGSTK, . * LTDFRFG

TMPGIT, =

20
Z I_Ts-ﬂﬁ,ivint * LVMT,

| ivint
ivint=1

These fuel efficiency figures are combined with the results of the subsequent VMT module to
determine the actual fuel consumption by light duty vehicles.
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3C-2. VMT Model

The travel demand component of the NEMS Transportation Model is a sub-component of the Light
Duty Vehicle Stock Module which uses NEMS estimates of fuel price and personal income, along
with population projections to generate a forecast of the demand for personal travel, expressed in
vehicle-miles traveled (VMT). This is subsequently combined with forecasts of automobile fleet
efficiency to estimate fuel consumption.

RATIONALE

Because personal automobile travel aots for such a significant fraction of total energy
consumption, it is important to ensure that the model which forecasts this travel demand be as
accurate as possible. This accuracy is measured not so much by the predictive "success" of the
model, but by the sensitivity of the model to the economic and policy levers which are of concern
to the users, and by the ability of the model tpoesl to both short-term esomic factors, and
long-term demographic and structural trends. The model described in this section is an attempt to
provide a more intuitive and inclusive approach to demographic influences in the estimation of
travel demand.

The predecessor VMT forecasting model was developed following an assessment of the alternative
models described below. While both fleet-based and driver-based systems have appealing
characteristics and are useful under certain modeling conditions, the latter of these approaches was
considered to be most appropriate to the needs of the model. This is because the fleet-based
approach relies to a greater degree on the continuation of past trends, and cannot explicitly address
many of the underlying factors that may lead to shifts in VMT growth patterns in the future, while

a driver-based approach allows explicit modeling of the factors that may "bend the curve”, such as
the aging of the population.

A driver-based approach takes the following form:

VMT. . = ( VMT J [ Licensed Drivers

= Driving Age Populatio
Total Licensed Drivey \ Driving Age Populatim) ( 979 P 4

Forecasting two of the three terms of this equation is relatively straightforward. A forecast of the
driving-age population is provided by the Census Butéand licensure rates for most segments
of the population are rapidly approaching unity. Therefore the principal task is to accurately

12 Projections of the Population of the United States, by Age, Sex, and Race: 1988 1d.308%partment of
Commerce, Bureau of the Census, Current Population Reports Series P-25, No. 1018 (Jan. 1989).
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forecast VMT per driver.

The functional form chosen to forecast VMT per driver in 1882 Annual Energy Outlook
(AE092)is an incremental modification of the econometric model used ifE@91. Due to the

limited (20 year) forecast period, it was convenient and defensible to consider society's demographic
structure to be relatively static and uninfluential over trends which may be effectively characterized

in the aggregate by economic variables. In alonger term forecast, however, projections of economic
variables and the population's responses to them become more ambiguous, whereas the effects of
gradual demographic change are expected to become more pronounced. This revised model,
presented below, has been considered an interim step in the development of a longer term model
which is more sensitive to structural change:

Ln'VMTPC = a + B, (LNCPM) + B, (LnYPQ) + B, (Ln(N,o/Ngy))

where:
VMTPC = VMT per driving age population.
CPM = Average fuel cost per mile of driving, expressed in 1982 dollars.
YPC = Income per capita, expressed in 1982 dollars.
N, Ngs = The population between the ages of 20-29 and older than 65, respectively.

This model replaced a previous VMT forecasting model in which fuel price and disposable income
were the only factors influencing the growth of VMT. One consequence of that formulation was
that per capita driving rates were forecast to grow without moderadioissue that the inclusion

of the demographic parameter was designed to address.

This specification was based on the notion that the rate of growth of per capita VMT should decline
over time, as the population ages. The use of the ratio of the number of twenty to twenty nine year-
olds to the number of those over the typical retirement age of sixty-five was an attempt to
characterize the changing demographic structure of society. This ratio has been forecast to decline
over the forecast period, and served to moderate the growth of VMT without constraining its trend
to ana priori limit. In summary, this model placed a moderate demographic constraint on VMT
growth, while using the same price and income regressors as were employed in the 1991 AEO. This
constraint lowered the near-term VMT forecast without resorting to the artifice of im@ashar

limits to growth. This model, however, was somewhat compromised by the rudimentary
demographic influence and by the absence of effects rising from changing female driving patterns.
The VMT model implemented in NEMS has been designed to address these concerns.
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ALTERNATIVE SPECIFICATIONS

The projection of VMT is rarely an end in itself; levels of personal travel demand are generally used
as an intermediate step in the estimation of various factors which are influenced by driving levels.
The following pages briefly describe several VMT forecasting methods currently being used by
various agencies, and were considered in the development of the NEMS VMT forecasting model.
The form that each model takes is a reflection of the concerns of the commissioning agency, the
purpose to which the model is to be put, the time scale of the forecast, the availability of adequate
data, and the preconceptions of the model designers.

The models described below are representative of the following three basic forecasting approaches
typically used to project VMT. Thieet-basedapproach, which uses estimates of the distances
driven by each vehicle, disaggregated by vintage, and linear projections of vehicle stock to project
total VMT in a given year, is useful in predicting fuel consumption and pollutant emissions.
Secondly, thedemographicapproach combines estimates of distances driven by each driver,
disaggregated by age, and age-stratified population projections to determine VMT. Thisis a simple
method which relies on projections made from readily available data, but which may be affected by
overlooked economic or regional factors. Finally,dbenomiapproach uses estimates of vehicle
operating cost and other economic parameters such as personal income as predictive variables. Such
approaches are commonly used for national-level forecasting, and have a high explanatory power.
However, their reliance on forecasts of economic variables and the neglect of potential saturation
effects renders such models relatively unstable in the mid- to long-term.

A fourth approach to VMT forecastingjp generation is a site-specific method which involves
forecasting the number of trips taken, and predicting destinations, travel modes, and routes. This
is a data intensive approach which is typically used on a local or regional level to predict road
congestion and demand for mass transit, and was not considered to be commensurate with the
requirements of NEMS.

FHWA/Faucett VMT Forecasting ModeFHWA, and DOT in general, uses this model designed

by Jack Faucett Associates. The model is a generalized difference equation, using a log-linear
econometric form, which consolidates the previous models used by the Department of
Transportation. It is designed for both short and long range forecasting of VMT and vehicle stock
on a national level for five categories of vehicle: personal use vehicles and four separate truck
categories. The growth rate for VMT is estimated to be constrained by fuel price increases, forecast
to begin in 1987 and continue at an increasing rate; and a tapering off in the expected rate of
increase in the number of driver licenses per thousand population.
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The forecasting model for personal-use vehicles used by FHWA takes the following form:

LVMTPUPG = o + pLVMTPUPG ,+ B,(LPIPC,- pLPIPG, )
+ B,(LTCXDP- pLTCXDP )
+ B,(LDLPK, - pLDLPK,_,)
+ B,(FSD - pFSD_))

where:
LVMTPUPC = Log of personal-use VMT per capita
LPIPC = Log of personal income per capita
LTCXDP = Log of vehicle operating cost index deflated by'€PI

LDLPK = Log of number of driver licenses per thousand population
FSD = Fuel shortage dumiy
p = The lag factor, set to 0.6017

The primary constraint in an econometric approach is the increasing uncertainty of price and
macroeconomic projections in the mid- to long-term. The sensitivity of the model to fluctuations
in these variables serves to increase the uncertainty of the projection towards the end of the forecast

period.

MOBILE4 Fuel Consumption Model (EPAMhile most models used by EPA concentrate on the
local or regional level, its fuel consumption model makes forecasts of nationwide VMT. The
MOBILE4 Fuel Consumption Model (M4FC) is used by EPA's Office of Mobile Sources in
conjunction with its MOBILE4 Emissions Model to estimate individual states' degree of attainment
of ambient air standards. M4FC is a fleet-based model which uses linear projections of vehicle
stocks by type, subsequently estimating miles per year according to type and vintage. There are few
demographic influences in the model. VMT in this model is estimated using vehicle stock
projections, age distributions, and mileage accumulation rates as f&llows:

age\ Vehicle

VMT, gra = Z[ VMT ) + (% of Vehicle$, .+ (Total Vehiclep
Age

3 The operating cost index comprises a weighted average of fuel costs, fuel efficiency forecasts, maintenance costs, the
purchase price of new vehicles, and an assumed forecast of real increases in the cost of insurance.

% The fuel shortage dummy is set to zero, but is included to test, at the option of the user, the impact of an abnormal
disruption in fuel supplies.

15 |nformation on the MOBILE3 and MOBILE4 Fuel Consumption Models have been obtained through conversations
with Phil Lorang and Mark Wolcott of EPA's Emissions Control Division, and ffonecasting Vehicle Miles Traveled and
Other Variables That Affect Mobile-source Emissjgepared for EPA by RCG/Hagler, Bailly, Inc., 8/18/88.
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Although a stock-based model can provide a more robust extended forecast than one based solely
on econometric methods, there remain concerns about such a model's sensitivity to deviations from
vehicle purchase and scrappage-rate assumptions. These assumptions are predicated on expectations
concerning consumer behavior and technological innovation, which are not easily projectable. The
M4FC model is a revision of an earlier model, M3FC, and incorporates factors which attempt to
reflect society's evolving driving patterns, assuming, somewhat optimistically, the eventual
congruence of male and female driving characteristics.

The Consumer Automotive Response Model (CARRis transportation model, which is used by

the EPA Policy Office, may be distinguished from that used by the Office of Mobile Sources by its
ultimate purpose. While the MOBILE4 model uses a fleet-based approach to estimate emissions
of specific pollutants, the model used by the policy office takes an econometric approach to forecast
the effects of various policy options such as the impact of a gas tax on VMT, and consequently, on
criterion pollutant emissions.

The CAR model is a discrete-choice, logit model which is based on Kenneth Train's Consumer
Choice Model which was originally prepared for the California Energy Commission. It comprises

a system of submodels which separately forecast vehicle ownership and stock characteristics, and
miles traveled in each vehicle at the household level. The personal travel portion of Train's model
forecasts VMT in four categories: intra- and inter-city work aod-work travel, using the
following log-linear econometric form:

Log(VMT) = Bz

where p and Z are vectors of parameters and explanatory variables, respéettivEhese
explanatory variables include logarithms of the household income and size; the operating cost of
each vehicle, in cents per mile; the number of workers in the household; the number of transit trips
per capita in the area in question; and several dummy variables identifying the urban density and
geographic region of the household. The operating cost of each vehicle is further considered to be
an endogenous variable, as it is implicitly defined by each household's purchase decision. This
parameter is therefore determined by a variety of exogenous demographic variables such as the age,
sex, and education level of the household head; the regional gas price and the commuting distance.

This model represents a rather detailed merging of econometric and demographic approaches to
forecasting. It is a relatively complex model, involving the independent forecasting of a large

16 From K. Train,Qualitative Choice Analysis: Theory, Econometrics, and an Application to Automobile DetA86d
Chapter 8.
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number of exogenous variables. The descriptive ability of the original Consumer Choice model
does not appear to be enhanced by its level of detail, however, as the R-squared of 0.114 for the one-
vehicle household submodel does not explain a significant level of variation in thé data.
demographic model which is sensitive to economic conditions, but at a lower level of complexity
may provide the basis for a credible long-term VMT forecast.

Transportation Energy and Emissions Modeling System (TEEMBgveloped by Argonne
National Laboratory, TEEMS is a series of disaggregate models, linked to prodecasterof
transportation activity and energy demand. The models cover both freight and passenger transport,
with personal and fleet vehicles being separately addressed.

This is a combination demographic and stock model, based on forecasts of distributions of
household characteristics. Itis based on Kenneth Train's Consumer Choice Model, and depends on
changes in the distribution of the sample of households, not on average characteristics. In the
section which determines an estimate of personal travel, a matrix is constructed using data from the
1983 Nationwide Personal Transportation Study (NPTS), which is then adjusted to represent 1985
conditions®® The VMT estimate is calculated as follows:

N .
VMT Vehicles
VMTTotaI = Z ( e) [ (J (HOUSGhO'd)%e”
Cell Cell

cen1 \ Vehicl Househol

The survey sample is stratified into cells according to the following six household attributes:

Location (three categories)

Income (four categories)

Age of Householder (four categories)
Household Size (four categories)
Number of Drivers (four categories)
Number of Vehicles (four categories)

2 e o

Distributions of households by demographic attribute are independently forecast, and the occupancy
of each cell in the future is estimated. This model contains elements of all three of the considered
model types, but is primarily a stock model with a pronounced demographic influence. The
stratified approach to forecasting is useful, in that it provides for the consideration of selected

17 K. Train, op. cit.,p. 165.

18 For a detailed description of TEEMS, see: Mintz, M.M., and Vyas, A@rgcast of Transportation Energy Demand
Through the Year 201@rgonne National Laboratory Report, ANL/ESD-9, April 1991.
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discrete characteristics, permitting an evaluation based on particular, quantifiable attributes.

Two dangers of this approach lie in specifying a broader stratification scheme than can be supported
by the available sample, resulting in underpopulated levels; and the potential for the disproportionate

influence of extreme data. As mentioned above, this model's reliance on vehicle purchase and
scrappage projections, as well as its assumption of a static distribution of VMT per vehicle may have

to be revised in order to use the model for forecasts extending several decades. This model also
requires the independent forecast of a large number of exogenous inputs, consequently increasing
the likelihood of significant impacts from the propagation of errors.

FHWA Spreadsheet Forecasthis model was developed on a spreadsheet system for the Federal
Highway Administration. It was used by FHWA in 1987 to produce a series of forecasts of
automobile and light truck VMT through the year 2000. It represents the base case in a series of
forecasts produced by FHWA in 1987.This is a straightforward demographic model, using
disaggregated population data to project VMT. For inputs it relies on data from the 1969, 1977, and
1983 NPTS data bases, and population projections from the Census Bureau. The model also
forecasts the total number of drivers, the VMT per driver, and the fraction of the driving age
population with driver licenses from 1985 to 2020. These figures are also dependent on assumptions
of a static distribution of driver licenses across the various age groups. The model forecasts total
VMT by sex as follows:

VMT .
VMT. = . * (Population
TOTAL A%:E[ Caplta) AGE AGE

This model has the benefit of simplicity, relying on very few inputs. Two of these, population and
licensure rates, can be considered robustly forecastable. The "most likely" case of the model,
however, assumes unlimited VMT per capita growth at constant rates, and a female/male driving
ratio of 60 percent, both of which are subject to question. The incorporation of economic
dependencies in such a demographic model could provide opportunities for analysis of the impact
of various policy initiatives on VMT.

MODEL STRUCTURE
The primary concern in forecasting VMT per licensed driver in the mid to long term (out to 2030)
is to address those effects that are liable to alter historical growth trends, i.e. factors likely to "bend

19 The Future National Highway Program: 1991 and Beydvidrking Paper No. Z[rends and Forecasts of Highway
Passenger TraveFHWA, 12/87.
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the curve". Central among these are demographic and geographic effects. The discussion here will
focus on demographic effects; regional effects may be equally important, but are beyond the scope
of this effort. The two factors considered to have the greatest potential to affect future VMT trends
in a significant manner are the aging of the population and the growth of female driving rates
relative to male driving rates. These are discussed in turn below.

Population Aging

VMT per licensed driver varies considerably by age group and sex. The mean VMT per driver by
age group and sex is shown in Figure 1. At the high end of this range are males 35 to 39 years of
age, who on average drive close to 20 thousand miles per year. At the low end are females over
seventy years of age who drive less than 4 thousand miles per year. Considering men and women
together, the highest driving group is that of age 35-39, at 15,930 miles per year, while the lowest
group is 70 and over, at 6,775 miles per year. This variation is significant because the average age
of Americans is forecast to increase markedly in the coming decades.

VMT Per Capita
By Age Group and Sex
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Figure 3C-2: VMT per Capita

The affect of the "aging of the population” on VMT cannot be assessed by analyzing historical data.
As there has been little variation in the over 60 population share historically, it should not be
particularly surprising that attempts to measure the "aging of the population” affect on VMT using
econometric techniques have not been very satisfying. In spite of this, there is ample survey data
indicating that drivers 60 and over drive substantially less than do younger. The most recent NPTS
indicates that those over 60 drive only about half as much as do younger drivers. None of this
would affect the accuracy of our aggregate VMT forecast if the proportion of the population 60 and
over remained at 20 percent. The Census Department, however, accurately records the inevitable
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aging of the "baby boom" generation. In the early 2000's they project that the proportion of the
population over 60 begins to rise sharply. By 2020, it reaches 30 percent, up from 21 percent in
2000.

The effect of the aging trend on travel could be substantial, but it is difficult to know the precise
manner in which it will affect overall VMT. If one assumes that in 30 years, 65 year olds will drive
about the same amount as current 65 year olds, then assessing the effect of population aging on
VMT would be a matter of simple accounting. For example, total VMT in 2030 can be calculated
simply by multiplying the number of drivers that will be in each age group in 2030 (Census forecast)
by the current average VMT in each age group and then summing VMT across all age groups.

Unfortunately, one cannot be confident that the 65 year old of tomorrow will continue to behave as
he or she does today. As individuals age, their levels of driving will probably continue to decline,
particularly following retirement, as it has in the past. But it is unlikely to decline to the levels of
current retirees, as those currently over 65 years old did not grow up in a society as dependant on
the automobile as did the current 35 year olds. Additionally, retirees of the future may have
substantially greater wealth, better health, and/or a greater desire for mobility than do current ones.
Indeed, the 1990 preliminary NPTS estimates indicate that the estimated VMT per year for drivers
greater than 70 years old has increased by nearly 50% over the 1983 &8timate.

Growth in Female Driving Rates

Another important issue is the VMT gap between males and females, and how this will change in

the future. Females have historically driven far fewer miles per year, on average, than males, but
they have been closing the gap rapidly in recent years. Evidence of this is provided in Figure 2,

which indicates that women between the ages of 20 and 45 dramatically increased their driving rates
relative to their male counterparts. According to the 1969, 1977, and 1983 NPTS results, the per
capita female/male driving ratio has generally hovered around 45 percent. The 1990 NPTS data
suggest a significant deviation from this trend, with women's average VMT approaching 60 percent

of men's. This may be at least partly attributable to the increased participation of women in the

labor force.

In earlier versions of the VMT model, an assumption was made that women would continue to drive
less than men on a per capita basis. Historically, this has been true, as evidenced by the results of the
last four NPTS reports. However, this historical discrepancy has been diminishing, and it is now
thought more prudent to have this trend converge to parity with male driving rates. The rate of

2 preliminary estimate: 6264 miles per person per year, 70 years and older, NPTS Driver's Annual Estimate, Table 15.
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convergence is essentially arbitrary, and has been chosen to ensure that parity is achieved in 2010.
This assumed trend is depicted below, along with the previous trend, which asymptotically
approached 80 percent.

Relative Female Driving Rate

Fraction of Male Per Capita Driving Rate
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Figure 3C-3: Relative Female Driving Rate

The trend line represents a logistic curve, anchored at the 1977 NPTS value, reaching 50 percent
in 1994 (T,), and achieving 80 percent parity in 201Q,(T Or, in equation form:

1
PrFem. = PrFem, + (PrFermaX - PrFemlgw)' 1+ Exp&T Teo)
+ EXP
where (173)
k- _Ltn(0l)
(Tso B T50)

The user should be able to use the above formulation to implement other assumptions, should it
become necessary.

Updating Data Inputs

Since the last revision of the VMT model, two more years of vehicle stock, VMT, and fuel
consumption data have been made available from FHWA, and the income variable from the
Macroeconomic Model has been revised. All maoquuts are now being calculated based on a
chain-weighted average, replacing the fixed-weight methodology previously used. These new data
sets permit the re-estimation of the generalized difference equation adopted for the NEMS VMT
forecasting model:
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3
VMTPD; - pVMTPD, , = a(l-p) + ¥ By Xyr - P Xyr.1) (174)

where VMTPD is the per capita driving demand for the driving age population,and,#epresent
the input variables.

Of greater significance is the revision of the historical VMT and stock inputs provided by FHWA.

In the past FHWA's estimate of the number and driving patterns of 2-axle, 4-tire trucks has been
interpreted as representing that of Light Duty Trucks, defined as having a weight of less than 8,500
pounds, and thus properly within the purview of the LDV Module. This assumption, however, has
been only a first approximation, as FHWA does not classify these trucks by weight. In an attempt
to further refine the model, a new category of truck has been defined: Light Commercial Trucks
(LCT), which comprise all single-unit trucks in the 8,500 to 10,000 pound range. The travel
demands of these trucks are now modeled separately, based on aggregate measures of industrial
output from the Macro Model. In order to avoid double-counting, the 2-axle, 4-tire strata of these
LCT’s, previously included in the LDV model, must be subtracted from the data inputs. Details of
the stratification and estimation of LCT demand are provided in a subsequent section, which
contains historical data estimates between 1990 and 1995. Estimates of LCT travel prior to 1990
are obtained by indexing the 1990 estimate to GDP growth trends from 1969 to 1990. The original
and revised data are tabulated in Appendix E.

Several functional forms were tested in the development of this model, bringing to light the
difficulty in constructing a model which incorporates both economic and demographic parameters
which may be used for forecasting in the mid- to long-term. Problems with autocorrelation and
multicollinearity motivated the implementation of a two stage approach in which the results of a
linear econometric model are adjusted to reflect demographic constraints. The first stage provides
a forecast of per capita VMT, based on historical data, which assumes that the age profile of the
country remains constant. The second stage imposes a limiting factor which reflects the projected
aging of the population and the reduced driving rates associated with older drivers.

In the first stage of this model, a generalized difference equation is used to estimate the unadjusted
VMT per capita®

2ZLymT per capita should be understood mean VMT per population 16 years and older. "Per capita" is used for
simplicity. Its use in other variables refers to the total US population.
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VMTPC, = pVMTPC, , + 0.899 (1p) - 1.04 (CPM92 - p CPM92 ,)

2.5x107*(YPC92 - p YPC9 - (175)
+ 2. p 2_,) + 3.93(PrFem. - pPrFem._;)

where:
VMTPC = the vehicle miles traveled per capita
CPM92 = the fuel cost of driving a mile, expressed in 1992 dollars.
YPC92 = the disposable personal income per capita, expressed in 1992 dollars.
PrFem = the ratio of per capita female driving to per capita male driving.
p = the lag factor, estimated using the Cochrane-Orcutt iterative procedure to be 0.768.

The coefficient for the cost of driving per mile has been altered to increase to a maximum level of
-.35, which is the equivalent of a -.40 fuel price elasticity. The additional fuel price elasticity is used
when the fuel price exceeds the highest fuel price in the base case scenario up to approximately 50
percent above the base case scenario fuel price, at which point the maximum value of -.35 is used.

The unadjusted forecast is subsequently modified by a demographic adjustment factor (DAF), which

is based on the age-specific driving rates reported in the 1995 NPTS. The Demographic Adjustment
Factor is based on the idea that the average VMTPD can be represented as a weighted average of
the age-specific VMTPD's, as follows:

Y VMTPD, ; - N,
VMTPD, = A (176)

Z NA,T
A

The VMTPD of each age cohort can be expressed as the product of a relative index and the
maximum VMTPD in the population:

Y VMTPDI, ;- N

AT
VMTPD; = VMTPD,,, - -2

177
XA: Nos (177)

where VMTPDI represents the travel index, depicted in the following figure:

Energy Information Administration
NEMS Transportation Demand Model Documentation Report 113



VMT Per Driver Index

Relative Driving Rates, by Age Cohort
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Figure 3C-4: Relative Driving Rate Index, by Cohort

The DAF used in the earlier version of this model is an index which represents the effect of changes
in the age distribution of the population over the forecast period, assuming that relative driving rates
remain unchanged. That is to say, if, as was reported in the 1990 NPTS, VMT per driver in the
oldest age cohort is 37 percent of the maximum VMT per driver in the overall distribution, this ratio
would remain unchanged over time. The DAF is a population-weighted index of these relative
driving rates, expressed as follows:

Y VMTPDI, ;- N, ;
DAF, = £ (178)

Z NA.T
A

It has been suggested that this formulation underestimates the consequences of population aging,
as drivers moving into the older age categories are likely to retain some of their earlier driving
habits. In order to account for this shift, theTPDI is re-estimated to include a time dimension,
under thead hocassumption that the difference between each age coyiant=nl and 1.0 will be

reduced over the forecast period as follows: the VMTPDI for drivers in the 16-19 age group will
reduce the gap by 33 percent; all age groups until the >70 group will converge 50 percent of the way
to unity. Drivers older than 70 are further disaggregated into four groups: 70-74, 75-79, 80-84, and
>=85. Their indices are tied to that of the next younger group as follows:
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VMTPDL ;

0.9 VMTPDI ;

VMTPDL; + = 0.5+ VMTPDL, ;

(179)
VMTPDl, ; = 0.5 VMTPDL

VMTPDI, ; = 0.25- VMTPDL, ,

These factors have been chosen to most closely approximate the historical values of the VMTPDI
for the >=70 age group, when population weights are applied.

The DAF resulting from this distribution changes over time based on two factors: the growth of the
older population (serving to reduce the DAF), and the increases in the relative driving indices in the
extremes of the distribution (serving to increase the DAF). In the early years of the revised
formulation, the growth in the indices more than compensates for the population growth in the older
cohorts, leading to a marked increase in the DAF. This levels off in the later years, falling as the
effects of population aging become more pronounced.

Demographic Adjustment Factor (DAF)

1.06
8 1.04
U
% 1.02
o
<
o

1
098 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1995 2000 2005 2010 2015 2020
& Indexed Estimate: 1995=1.0

Figure 3C-5: Demographic Adjustment Factor

When applied to the VMT model, the DAF represented above is itself indexed to 1995, and is thus
no longer bounded by 1.0.

The DAF is applied to historical VMTPD figures prior to the regression analysis described above.
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This permits a more consistent baseline comparison, by positing driving rates under a constant 1995
demographic distribution. The estimated results are subsequently re-transformed using the DAF,
bringing them back in line with observed values.

Coefficient Estimation

Using the updated data sets described above and, as before, using the Cochrane-Orcutt iterative
procedure, the generalized difference equation is estimated, resulting in the following coefficients:

TABLE 2: Generalized Difference Equation Output

Parameter p o CPM92 YPC92 PrFem Adj. R-Sq
Coefficient 0.768 0.899 -0.104 2.5e-04 3.933 0.879
T-Stat -4.3 3.8 3.0

In producing the estimated coefficients for this model, historical VMTPD figures were first adjusted
using the indexed DAF to impute driving rates under a 1995 demographic distribution. The
unadjusted VMTPD produced by the difference equation therefore represents an estimate of driving
patterns under the assumption that age distributions and relative driving rates remain static. This
variable, which is a weighted average across age cohorts, can be expressed by the following identity:

VMTPD, = VMTPDMAX. - DAF, ., (180)

In order to account for demographic shifts, it is necessary to multiply the VMTPD by the indexed
DAF, as follows:

) DAF,
VMTPD; = VMTPD; -
DAF199O
DAF
= VMTPDMAX, - DAF . - T (181)
DAF199O

= VMTPDMAX, - DAF;
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Obtaining the VMTPD within each age cohort, then, is a matter of solving for VMTPDMAX, and
applying the relative driving indices expressed in the VMTPDI. The results are presented below.

VMT per Driver

Under New Demographic Formulation
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Figure 3C-6: Demographically-Adjusted VMT per Driver

Using the parameters estimatdgbae, and fagcasts of relevant input variables (depicted in the
Appendix), a base-case forecast of VMTPD is generated, and subsequently converted to total VMT
by multiplying by the population at or above the driving age of 16 years. Total demand for light
duty vehicle travel is finally allocated among the various conventional and alternative automobile
technologies considered in NEMS, and consumptions estimates are generated for each type of fuel.

3D. Air Travel Module

The air travel component of the NEMS Transportation Model comprises two separate submodels:
the Air Travel Demand Model and the Aircraft Fleet Efficiency Model. These models use NEMS
forecasts of fuel price, macroeconomic activity, and population growth, as well as assumptions about
aircraft retirement rates and technological improvements to generate forecasts of passenger and
freight travel demand and the fuel required to meet that demand.

3D-1. Air Travel Demand Model

RATIONALE
The Air Travel Demand Model produces forecasts of passenger travel demand, expressed in revenue
passenger-miles (RPM), and air freight demand, measured in revenue ton-miles (RTM). These are
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combined into a single demand for seat-miles (SMD), and passed to the Aircraft Fleet Efficiency
Model, which adjusts aircraft stocks in order to meet that demand.

Structural changes in the airline industry over the past decade have made it difficult to develop long-
term forecasts of travel demand. The opening-up of routes, the implementation of the "hubbing"
system, the use of competitive pricing, and the growth of a dedicated air freight system are just some
of the consequences of a deregulated market. The commercial aviation system is still in a state of
flux, having yet to settle down to the level of long-run equilibrieoessary for the application of
conventional forecasting methodologies. Today, aviation forecasting experts are emphasizing the role
of "judgement” in planning for the future—an implicit acknowledgment offrtii@ations of a purely
quantitative methodology. It is with this in mind that a policy-sensitive approach to forecasting air
travel demand has been developed.

In order to increase the sensitivity of the forecast to economic and demographic parameters, a
disaggregate model, incorporating separate treatment of business, personal, and international
passenger travel has been implemented. Separate forecasts of domestic passenger and freight travel
are generated, influenced by economic, demographic and fuel price factors, and are combined into
an aggregate estimate of air travel demand. This model stands in contrast to its predecessor, used
in producing the 1993 AEQ, in which an aggregate demand for commercial passenger travel is first
estimated using a constant-elasticity approach:

Real GNP

1985

TicketPricg .

Real GNR )19 ( TicketPricg ) 0413
RPM, = 1.2566' RPM,g,,

The RPMs thus generated are subsequently incremented by a fixed percentage representing demand
by general aviation and dedicated air cargo aircraft, and a constant military demand. That model's
lack of sensitivity to economic and demographic influences has necessitated the consequent revision.

The Air Travel Demand Model is based on several assumptions about personal behavior and the
structure of the airline industry. Of greatest significance is the assumption that the deregulation of
the industry has substantially altered the dynamics of passenger travel; model parameters have
therefore been estimated using only post-deregulation data. It is further assumed that business and
personal travel are motivated by different measures of economic conditions, and should be modeled
separately. Finally, it is assumed that personal travel demand is influenced by demographic

22 Aviation Forecasting Methodolog¥ransportation Research Circular No. 348, Transportation Research Board,
Washington, D.C., 8/89, p. 8.
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conditions, and forecasts of this demand should be adjusted to reflect the changing age and gender
characteristics of the U.S. population. The design of this model, and its underlying assumptions have
been influenced by several literature sources and alternative model specifications which are described
below.

ALTERNATIVE SPECIFICATIONS

Several alternative models of air travel demand have been considered in the development of this
model: the Air Transport Energy Use Model (ATEM), developed by Oak Ridge National
Laboratories (ORNL); the Transportation Energy and Emissions Modeling System (TEEMS),
developed by Argonne National Laboratory (ANL); the Data Resources Incorporated (DRI)
economic model; and forecasts produced by the Federal Aviation Administration (FAA). Each model
contributed to the understanding of the dynamics of passenger travel and the assumptions underlying
the forecast.

The emphasis of the ATEM model is on estimates of commercial passenger and freight aircraft
stocks, and most closely corresponds to the AEO predecessoriaédll and RTM are estimated

by separate models, both of which are functions of GNP and the cost of flying, represented by the
yield** The yield is considered solely as a function of fuel price, whose contribution to total costs
remains a fixed percentage. ATEM employs a modified constant elasticity specification as follows:

RPM = RPM, - Pop - GNPPC™ - Yield™

and:

RTM = RTM, - GNP - Yield™®

where RPN and RTM, represent base year values, and the remaining variables are all indexed to
their respective base year values. The elasticitj@)d33, are specified by the user for each decade

of the forecast. This approach was not considered suitable for inclusion in NEMS duerticetthe
variable inputs, thereby decreasing sensitivity to economic and demographic conditions, and the
reliance on user specification of elasticities.

2 Greene, D.L., et. alAir Transport Energy Use ModeCenter for Transportation Analysis, Oak Ridge National
Laboratory, 4/91, Dratft.

24 vy i am . L . . .
Yield" is a commonly used term in the airline industry, and refers to the revenue per passenger-mile. Itis used in
most analyses as a normalized representation of ticket price.
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TEEMS directy estimates domestic RPM and aqyedemand usm a linear formulation. RPM
values are considered to be functions opdsablepersonal income (DPI) and clges injet fuel
price (JP), while engy use is subspiently determined usgn exogenousprojections of aircraft
efficiengy.” The travel demandyaation is as follows:

RPM = .212 DPI) - .12 OP) - 262.344

where the coefficients have been estimatedgusiregression on 1970-1988 data. In deterngnin
conseuent fuel consuption, TEEMS assumes an annual aircraft efficyeimeprovement of 1.5
percent over the next twenyears. This factor is the result of TEEMS' gagnous assessment of
expected technolgy improvements as well as the mandated retirement of older aircraft fgycom
with noise rgulations. Air cago is projected agpart of a sparate fregght demand model, within
which a share of air ton-miles is allocated to dedicategbcarcraft. Ayain, the limited reliance on
variable iputsprecludes the direct incporation of this model in NEMS.

In the DRI model, air travel demand is influencgdheyield, or revenu@er passeger-mile, whose
algorithm is the same for boftassegers and cayo:*°

Fuel Cost
65| ———| + .35

Yield = Yield, , el Gost
-1

GNP,
GNP,

Revenugpasseger and cago ton miles are subgeently calculated:

RPM = EXp5.78 . Yield 372 . (2_02)3.33

and:

RTM = Exp~8 - Yield™'? - GNP%

Revenugasseger miles are then converted immund-miles, usigan averge weght forpassegers
and b@gage, and the demand for kerosegpetjet fuel is finalf estimated as follows:

Fuel Demand= Exp 313 RTMf- RTM*- (Real Fuel Pricg™*

where the subsqts p andc refer topassegers and cayo, repectivel. While the above models of

% Argonne National Laboratoryorecast of Transportation Energy Demand Through the Year,2Z204D/ESD-9, 4/91.

26 Model description obtained through personal communication with Mary Novak of DRI.
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RTM and RPM have more variable inputs than those models described previously, there seems to be
no compelling reason to retain the constant elasticity specification in the development of the Air
Travel Demand Model.

The primary function of the Federal Aviation Administration model is to forecast "workload
measures"”, such as instrument operations at towered affp&@ush forecasts are used to estimate
appropriate staffing levels, and new capital expenditures. The approach is a mixture of econometrics
and intuition, using forecasts of secondary measures such as RPM, load-factors, and yields as process
inputs.

Total operating cost and aircraft efficiency measures are first used to predict yields; these are then
combined with GNP estimates to forecast total RPM and, subsequently, enplanements. Future airport
operations are then estimated using predictions about load f&cansaft size, and trip length.

Many of the key variables used in the estimation are the result of intuitive judgements of aircraft
manufacturers and airlines.

In considering the effect of deregulation on forecasting efforts, it is noted that the demand equation
used to forecast RPM produces significantly different coefficients for pre- and post-deregulation data.
Estimated price and income elasticities are significantly larger (in absolute value) in the post-
deregulation era, reflecting structural changes in the airline industry. For example, the growth of the
hub-and-spoke system has substantially increased the availability and convenience of air travel to
many areas not previously served by major airlines. It is this dichotomy which has motivated the
decision to restrict parameter estimation to the post-deregulation period.

MODEL STRUCTURE

The Air Travel Demand Model, as implemented in NEMS, is a series of linear equations estimated
over the period 1979-1990. As noted above, it is assumed that domestic business and personal travel
are motivated by different economic measures, and that personal travel is further affected by the
demographic makeup of the United States. Key model relationships are presented below, in order
of their appearance. Where numbers appear in place of variable names, parameters have been
estimated statistically from historical trends. Descriptive statistics for all estimated parameters are

27 Mayer, C.J., 1989. "Federal Aviation Administration Methodology," pp.9-28vyiation Forecasting Methodology
Transportation Research Circular Number 348, Transportation Research Board, National Research Council, Washington, D.C.

8 The "load factor" is the ratio of revenue passenger-miles to available seat-miles; it provides an estimate of the average
occupancy rate of passenger aircraft.
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provided in Appendix D, Tables D-4 through D-8. Also presented below in Figure 3D-1 is the
flowchart for the Air Travel Module. At the end of this section are additional flowcharts which depict
the calculations in the Air Travel Demand and Aircraft Fleet Efficiency models in more detalil.
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Figure 3D-1. Air Travel Module
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(182)

1) Calculate the cost of flying:
YIELD = 9.50 + .82TPJFTR
where:
YIELD = Cost of air travel, expressed in cents per RPM
TPJFTR = Price of jet fuel, in dollars per million Btu
2) Calculate the revenue passenger-miles per capieadr type of travel.
Business:
RPMBPC - -248.38 + 39.00MC-CDP92C _ 5 asviELD (183)
Personal:
RPMPPC = -384.97 + 80.00MCYPI2C _ 54 soviELD (184)
International:
RPMIPC = PCTINT - (RPMBPC + RPMPPQ (185)
where:
MC_GDP92C = Gross domestic product, in 1992 dollars.
MC_YD92C = Per capita disposable personal income, in 1992 dollars.
MC_N = U.S. population
PCTINT = Proportionality factor relating international to domestic travel [Evels
Calculate the dedicated revenue ton-miles (RTM) of air freight:
(186)

3)
RTM = (-13,136 + 20.92MC_EXDnN92C+ 3.19MC_GDP92C) - BELLYFRT

where:
MC_EXDnN92C = Value of merchandise exports, in 1992 dollars
BELLYFRT = Freight ton-miles transported in the belly of the commercial passenger carriers

Calculate total revenue passenger-miles flown for each category of travel, subsequently

4)

29 This factor is an extrapolation of historic trends, and is tabulated in Appendix A, Table A-4.
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combining business and personal travel into a final domestic travel category:

RPMP = RPMPPC- MC_N - DI (187)
RPMD = RPMB + RPMP (188)
RPMI = RPMIPC- MC_N (189)
RPMB = RPMBPC- MC_N (190)

where:
RPMB = Revenue passenger miles for business travel
RPMP = Revenue passenger miles for personal travel
RPMI = Revenue passenger miles for international travel
RPMD = Revenue passenger miles for all domestic travel
DI = Demographic index, reflecting the public's propensity 8 fly

5) Calculate the total demand for seat-miles, incorporating the estimated load factors of domestic
and international travel, and converting ton-miles of freight into an equivalent seat-mile demand:

SMDEMD = | —— —_—
LFDOM LFINTER

RPMD) +( RPMI ) + (RTM- EQSM) (191)

where:
SMDEMD = Total demand for available seat-miles
LFDOM = Load factor for domestic travel
LFINTER = Load factor for international travel
EQSM = Equivalent seat-miles conversion factor; used to transform freight RTM's

0 The Demographic Index is derived in Appendix E, Attachment 6.
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3D-2. Aircraft Fleet Efficiency Model

RATIONALE

The Aircraft Fleet Efficiency Model of NEMS (AFEM) is a structured accounting mechanism which,
subject to user-specified parameters, provides estimates of the number of narrow and wide-body
aircraft available to meet passenger and freight travel demand. This mechanism also permits the
estimation of fleet efficiency using a weighted average of the characteristics of surviving aircraft and
those acquired to meet demand. This document presents the methodologies employed in the
estimation, and preliminary results based on a separate analysis of travel demand.

In the model used to produce the earlier version of the 1993 Annual Energy Outlook (AEO), stock
efficiency increases at a constant rate, with no explicit dependence on those parameters which would
most affect it. This equation is an adaptation of the "best available technology” scenario proposed
by ORNL in its analysis of aircraft efficienéy:

GPM, = .0230- (1 - .0137) ~ 1989

where GPMrepresents the gallons per available seat mile in a given year. Giveoasfdrorizon

of 2020, the 1.37 percent annual rate of improvement assumed in the current model leads to an
approximate halving of aircraft energy intensity. The above equation assumes a consistent and
uniform replacement of older aircraft with newer, more efficient units. Since, infact, very few aircraft
that have actually been retired in the last decade, this assumption seems inappropriate for a
comprehensive air transportation modeling system.

The intent of this component of the NEMS Transportation Model is to provide a more intuitive,
quantitative approach for estimating aircratft fleet energy efficiency. To this end, the model estimates
surviving aircraft stocks and average characteristics at a level of disaggregation which is supportable
by available data, and projects the fuel efficiencies of new acquisitions under different sets of
economic and technological scenarios. The resulting fleet average efficiencies are returned to the Air
Travel Demand Module of TERF to support the forecast of commercial passenger and freight
carriers' jet fuel consumption to the year 2020.

Although the air model estimates fuel use from all types of aircraft, only commercial aircraft
efficiencies are explicitly modeled. Efficiencies of general aviation aircraft and military planes are not

31 Energy Efficiency Improvement Potential of Commercial Aircraft to 2Da0jd Greene, Energy Division, Oak Ridge
National Laboratory, Draft Report, October, 1989.
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addressed. General aviation fuel use is directly estimated; jet fuel consumption is considered to be
a fixed percentage of commercial aircraft demand, and aviation gasoline demand is projected using
a time-dependent extrapolation. Military jet fuel use—both naphtha and kerosene based fuel—is
estimated in another Module using forecastshitifary budget trends.

ALTERNATIVE SPECIFICATIONS

In developing this methodology, two alternative approaches to the estimation of aircraft stocks and
fleet efficiency have been considered: Oak Ridge National Laboratory's Air Transport Energy Use
Model (ATEM), and an air transportation sub-module, being developed by Energy and Environmental
Analysis, Inc. (EEA) for use by DOE's Office of Policy, Planning and Analysis in the Integrated
Dynamic Energy Analysis Simulation model (IDEAS). While both employ the conventional
methodology of matching new capacity acquisition with expected travel demand, each takes a
different approach to the trade-off of flexibility and simplicity. The approach proposed in this
component will incorporate aspectseaich.

ATEM is a comprehensive effort to describe aircraft stock and efficiency ch#nieis.is a detailed

stock vintaging model in which all aircraft are grouped into classes according to their market segment
and size. The result is six classes, each described by their trip length and maximum passenger
capacity. Passenger travel demand is distributed among the classes, approximating the previous year's
distribution, and surviving aircraft capacity is subsequently determined, following the retirement of
stock which has reached a uniform, user-specified retirement age. If aircraft supply exceeds travel
demand in any class, excess capacity is permanently retired.

Excess travel demand in any class is met by the purchase of specific aircraft models with known
operating characteristics and configurations, or generic models incorporating the most efficient new
technologies available in a given year. As a default, all active aircraft models in a class would receive
an equal market share of new purchaédssing this model, the number of aircraft of every model

is always known, as are their operating characteristics, configurations, and utilization rates. This is
a very detailed and flexible model which can incorporate a wide variety of assumptions about future
trends, but is therefore somewhat unwieldy, requiring an amount of computer time which is
inappropriate for use within NEMS.

32 Rathi, A., Peterson, B., and Greene, A&, Transport Energy Use ModeDak Ridge National Laboratory, April 1991,
Draft.

% \bid., pp. 2-9— 2-14.
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Efficiency improvements are assumed to come from retrofitting existing aircraft with new
technologies, the choice of which is partially dependent on fuel prices, and the incorporation of
increasingly efficient technologies in newly acquired aircfafTEM links the operating efficiency

of existing aircraft to fuel prices, using an elasticity of -0.04, and a constant efficiency improvement
of .03 percent per year.

In contrast, the commercial airline sector of the IDEAS model avoids this level of detail in favor of

a simple aircraft vintaging mod&l.This model uses four age classes (0-10 years, 11-20 years, 21-30
years, and > 30 years), making no distinction between aircraft sizes or flight characteristics. This
model assumes that average utilization rates and fuel efficiencies vary by aircraft age, and uses these
characteristics to estimate the average fuel consumption per passenger mile of the fleet. The
advantage of this approach is its ability to provide a quick overall estimate of trends, but its lack of
policy levers, such as the effect of increased airport congestion or higher fuel prices, limits its
usefulness in exploring the impact of various scenarios. The approach proposed in this report will
represent a middle ground between these models—reducing the computation needs of ATEM without
entirely sacrificing the ability to respond to economic, technological, or policy issues.

MODEL STRUCTURE

Total fleet efficiency is based on separate estimates of the stock and efficiency of the two types of
aircraft considered by the model—narrow body and wide Bodhe development of the hub and

spoke system has made airlines inclined to invest in smaller aircraft in recent years, but increasing
airport congestion provides the impetus for investments in larger craft. In 1990, narrow body aircraft
accounted for approximately 56 percent of total available seat-miles, and wide body aircraft
accounted for the remaining 44 percent. In this model, while the base case maintains the status quo,
the share of total passengers and freight conveyed by each of these aircraft types may be altered by
the user.

The model operates in two stages: the first is an estimation of the total fleet of each type of aircraft
required to meet projected demand in any given year; the second is a determination of stock efficiency
given assumptions about the retirement rate of aircraft and the incorporation of energy-efficient

3 Greene, D.L.,Energy Efficiency Improvement Potential of Commercial Aircraft to 2088, Ridge National
Laboratory, ORNL-6622, June 1990.

% personal communication with Mike Sloane, Energy and Environmental Analysis, Inc.

36 Narrow body aircraft, such as the Boeing 727, have seating for approximately 120-150 passengers, and are
characterized by two banks of seats separated by a center aisle. Wide body aircraft, such as the Boeing 747, carry from 200-
500 passengers in three banks of seats
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technologies in new acquisitions.

Stock Estimation

This component first determines the demand for new commercial aircraft, based on the growth of
travel demand and the retirement of older planes. Travel demand, expressed as a demand for
equivalent seat-miles, is obtained from the Air Travel Demand Model, and is subsequently allocated
between the two aircraft types considered by this model. The first step is to determine the fraction
of seat miles attributable &ach aircraft type. This is calculated using the fraction of total available
seat miles provided bgach type of aircraft in the previous year, adjusted by a constant which
represents the effects of airport congestion:

SMDEMQ\Iarrovv,T—l] + 5"

SMDEM
SMFRAG rrout = SMBEMBicer-1 ;820
SMDEMD, , SMDEMD; _,
'( SMDEM
_ |q\larrOV\l,T—l . (1+5) ; 5<0 (192)
SMDEMD, ,
and

SMFRAG4er = 1 — SMFRAG o1

where:
SMFRAC = Seat mile fraction, by type.
SMDEMD = Total seat-mile demand, by type, in year T.

This specification represents the shifting of a fraction of passenger load from one aircraft type to
another, at a raté, which is zero in the base case, but may be exogenously set. It is believed that
the most probable value for this factor is negative—increasing the wide body market share—due, in
addition to airport congestion, to the growth in the long-haul market, coupled with the longer range
and lower seat-mile cost of wide body aircraft.

The next step is to allocate the current year seat-miles demanded (calculated in the Air Travel
Demand Model) among aircraft types:

ASMDEMB 001 = SMFRAG 00 - SMDEMD,

and (193)
ASMDEMD, . = (1-SMFRAG,,,,,7) - SMDEMD;

37 personal communication with David Sepanen, Boeing Commercial Airplane Group, 9/23/92.
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The survival rates of aircraft are subsequently estimated:
SURVPCT,; = [1 + EXP(SURVK = (T50 - IVINT)) |*

and
(194)

SURVPCT,
SURVPCT,r .

SSURVPCT,; =

where:
IVINT = Index of aircraft vintage
SURVPCT = Survival rate of planes of a given vintagieNT
SSURVPCT = Marginal survival rate of planes of a given vintage
SURVK = User-specified proportionality constant
T50 = User-specified vintage at which stock survival is 50%

Because of the relatively small size of the U.S. commercial fleet--slightly over five thousand aircraft--
it is important to provide an accurate portrayal of the age distribution of airplanes. This distribution
determines the number of aircraft retired from service each year, and consequently has a strong
influence over the number of new aircraft acquired to fulfill the demand for air trawoutd be

noted that, due to the international nature of the market for aircraft, constructing a survival
algorithm using only domestic deliveries and stocks is not feasible. This is because aircraft of
different vintages are regularly bought and sold on the international market, and the surviving
domestic stock of a given vintage may exceed the number of aircraft of that vintage which had
originally been domestically delivered. The problem is mitigated by assuming that the scrappage
rate of aircraft on a worldwide basis also characterizes that of domestic aircraft. Having established
the number of surviving aircraft by type, the available aircraft capacity is calculated. Surviving
aircraft capacity is calculated as follows:

60
SMSURY,; = Y. NPCHSE, ynror: * SSURVPCT,; * ASMP,;  (195)

IVINT=2

where:
SMSURYV = Surviving seat-miles, by aircraft type
NPCHSE = Surviving aircraft stock, by vintage and aircraft type
ASMP = The available seat-miles per plane, by type

Surviving aircraft capacity is then compared with the travel demand estimates described above. The
difference represents the additional capacity required to meet demand. Determining the number of
aircraft of each type to add to the fleet is a matter of reorganizing the above equation:
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ASMDEMD; ; - SMSURY;
ASMFI)T,T

NPCHSE; \ynr-17 = (196)

The rate of new aircraft acquisition significantly affects the average energy intensity of the fleet,
and, subsequently, the forecast of energy demand. This model differs from other stock models in
that retirements are not assumed to take place abruptly once the aircraft have reached a specified
age. Instead, a logistic survival function estimates the fraction of originally delivered aircraft which
survive after a given number of years.

The resulting number of new aircraft is then added to surviving stock, and the data table is updated
to reflect the newest vintage:

NPCHSE; it = NPCHSE, ynrarq * SSURVPC,; ; IVINT = 2-60 (197)

The sum across vintages gives an estimate of surviving aircraft stocks of each type:

60
NSURY; = Y NPCHSE, (198)

VINT = 1

This approach presumes that new aircraft are immediately available to meet demand. Actually,
airlines' orders for planes are put in several years in advance of need based on estimates of air travel.

Fleet Efficiency

For simplicity, it is assumed that load factors do not vary with the age of the plane; the fraction of
planes older than one year is therefore assumed to be solely dependent on the respective number of
planes, as follows:

NSURY, - NPCHSE, -
STKOLD, = ( NSURY 1)
|

(199)

Efficiency improvements of newly acquired aircraft are determined by technology choice which is,
in turn, dependent on the year in question, the type of aircraft and the price of fuel. Appendix A,
Table A-5, tabulates the technology choices and the expected efficiency improvements of aircraft
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incorporating those technologies. In order to model a smooth transition from old to new
technologies, the efficiencies of new aircraft acquisitions are based on several logistic functions
which reflect the commercial viability afach tebnology. The two arguments, the time effect
(TIMEFX) and the price effect (COSTFX), are based on the assumption that the rate of technology
incorporation is determined not only by the length of time in which the technology has been
commercially viable, but also by the magnitude of a given technology's price advantage:

TIMEFX 7 = TIMEFX,  , + (TIMECONST+ TPN., * TYRN, )  (200)

where:
TIMEFX =  Factor reflecting the length of time an aircraft technology improvement has been commercially
viable
IFX = Index of technology improvements (1-6)
TIMECONST = User-specified scaling constant, reflecting the importance of the passage of time
TPN = Binary variable (0,1) which tests whether current fuel priceedks the considered techology's
trigger price
TYRN = Binary variable which tests whether current year exceeds the considered technology's year of
introduction
TPJFGAL; - TRIGPRICE,
COSTFXy 1 = 10 * TPIFGAL * TPNg, * TYRN, = TPZ., (201)
where:

COSTFX = Factor reflecting the magnitude of the difference between the price of jet fuel and the trigger
price of the considered technology
10 = Scaling factor
TPJFGAL =  Price of jet fuel
TRIGPRICE = Price of jet fuel above which the considered technology is assumed to be commercially viable
TPZ = Binary variable which tests whether implementation of the considered technology is dependent
on fuel price

Thus the overall effect of time and fuel price on implementing technology improvements:

TOTALFXey 7 = TIMEFXy; + COSTFX., ; -~ BASECONST (202)

The BASECONST representsat hocadjustment which anchors the logistic curve, thus ensuring
that technologies are not incorporated prior to their commercial viability. For each technology, a
technology penetration function is defined as:
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TECHFRAG; = [ 1 + EXP (-TOTALFXy ;) | (203)

and the fractional fuel efficiency improvement for new aircraft, by type:

FRACIMR; ;7 = 1.0 + EFFIMPy,_; * (TECHFRAGy_;;~ TECHFRAG ,7)

6
+ Y, EFFIMP., * TECHFRAG,

IFX=2
(204)
and

6

FRACIMR; ,; = 1.0 + IF;l EFFIMP,, = TECHFRAG,; ; IFX =2

where:
EFFIMP = Fractional improvement associated with a given technology

The model also sets a lower limit for efficiency gains by new aircraft, based on the assumption that
new planes will be at least five percent more efficient than the stock efficiency of surviving aircraft.
This provision is triggered if the incorporation of new technologies fail to sufficiently increase the
efficiencies of new acquisitions. Thus the average seat-miles per gallon of new aircraft is:

NEWSMPG = MAX [(FRACIMR, 1 * SMPG; ) ,

(205)
(1.0 + Pp) * SMPGy, * 1.09]

where:
p = Average historic rate of growth of fuel efficiency

Given the variety of non-exclusive technologies, some assumptions must be made: (1) technologies
enter the mix as they become viable and cost competitive; (2) the inclusion of a technology with a
higher trigger price is dependent on the prior use of those technologies with lower trigger prices;
and (3) efficiency gains attributable to each technology are directly proportional to the level of
penetration of that technology.

Average fleet efficiency in seat-miles per gallon is estimated using a series of simplifying
assumptions. First, the new stock efficiency is determined for each type of aircraft, using the
following approach:

SM PGFYPET =

STKOLDyper . (L-STKOLDyper) | 206
(1 + prype * (SMPGper 1) NEWSMPG,pe
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where:
SMPG = Aircraft fuel efficiency in seat-miles per gallon
STKOLD = Fraction of seat-miles handled by existing stock
1-STKOLD = Fraction of seat-miles handled by newly acquired stock
p = Rate at which fuel efficiency of existing aircraft increases annually due to retrofitting

The factor multiplying the SMPG reflects the user's assumption that stock efficiency for each type
of aircraft increases at a uniform annual rate afue to the retrofit of older aircraft with new
technology, and the retirement of obsolete planes. In the absence of user specification, the model
will use default values of 0.44 percent and 0.18 percent for narrow and wide body aircraft,
respectively. These figures are based on the average annual improvements in efficiency for each
type of aircraft between 1980 and 1990.

Following the estimation of stock efficiency by body type, overall fleet efficiency is estimated in
a similar manner:

SMPGT, = (207)

SMFRACN (1 - SMFRACN)) |*
SMPG ; ) +[ SMPG, ”

where, in this instance, the shares are not determined by the number of planes of each type, but by
historical trends and expectations of total available seat miles offered by each type of aircraft.
Changes in these trends are guided by assumptions concerning airport congestion, and the
maturation of the hub and spoke system.

Estimating Fuel Consumption
Estimating the demand for jet fuel is simply a matter of combining the output of these two models
and incrementing by 4% to reflect consumption by private aircraft:

SMDEMD;,
JFGAL; = W*l.m (208)

The demand for aviation gasoline is calculated as:

AGD; = BASEAGD+ GAMMA x EXP|[ - KAPPA « (IYEAR - 1979)] (209)

where:
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AGD = Demand for aviation gasoline, in gallons
BASEAGD = Baseline demand for aviation gasoline
GAMMA = Baseline adjustment factor

KAPPA = Exogenously-specified decay constant
IYEAR = Current year

Convert the jet fuel demand in gallons to Btu:

JFBTU, = JFGAL, * 5.670 MMBtwbbl
42 gal/bbl

and

AGDBTU. = AGD; = 5.048 MMBtwhbbl
42 gal/bbl

Calculate the jet fuel and aviation gasoline demand by regions:
QJETR,; = JFBTU; * SEDSHR .
and

QAGR; = AGDBTU, * SEDSHR ¢,

where:

SEDSHR = Regional shares of fuel demand, from SEDS

Calculate fractional changes in aircraft efficiency from base year:

SMPGT.

=1

3E. Freight Transport Module

RATIONALE

(210)

(211)

(212)

The freight component of the NEMS Transportation Model addresses the three primary modes of
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freight transport: truck, rail, and marine. This model uses NEMS forecasts of real fuel prices, trade
indices, coal production, and forecasts of selected industries' output from the Macroeconomic Model
to estimate travel demand for each freight mode, and the fuel required to meet that demand. The
carriers in each of these modes are characterized, with the possible exception of trucks, by very long
operational lifetimes, and the ability to extend these lifetimes through the retrofitting process. This
results in a low turnover of capital stock and the consequent dampening of improvement in average
energy efficiency. Given the long forecast horizon, however, this component will provide estimates
of modal efficiency growth, driven by assumptions about systemic improvements and modulated
by fuel price forecasts.

The freight model currently used for the AEO is an aggregate version of the Argonne National
Laboratory freight model, FRATE. Forecasts are made for each of the four modes of freight
transport: trucks, rail, ships, and air. In each case, travel forecasts are based on the industrial
production of specific industries, travel growth in most cases being directly proportional to increases
in value added. This is then converted to energy demand using the average energy intensity for the
mode in question. Total energy demand is subsequently shared out to the various types of fuel used
for freight transport, under the assumption that relative shares remain constant. As each mode is
considered in the aggregate, no distinction is drawn between classes of carrier, such as trucks of
different size.

The freight transport model developed for NEMS is an adaptation of the AEO 1993 model,
providing flexibility for future developments, and incorporating another level of detail in the
specification of modes. This is accomplished by stratifying the trucking sector according to size
classes and developing a stock adjustment model for each size class and fuel type, and providing for
similar stratification of the other modes, as needed. Parameters relating industrial output tonnage
to changes in value added have been explicitly incorporated.

ALTERNATIVE SPECIFICATIONS

Argonne National Laboratory's Transportation Energy and Emissions Modeling System (TEEMS)
provides the foundation for this component. This model links several disaggregate models to
produce a forecast of transportation activity, energy use, and emissions. The freight sector model
estimates future-year activity (ton-miles or vehicle-miles) and energy consumption by mode.
Indices of sectoral output are supplied by a macroeconomic model. A mode choice model then
computes ton-miles traveled by truck, rail, water, and air for 24 commodity sectors based on
commodity characteristics, changes in fuel price, energy intensities, and modal operating
characteristics. An accounting submodel uses modal energy intensities, load factors, and
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size/subactivity allocation factors to compute activity and energy consumption by fuel type for each
freight mode®®

The FRATE model is highly disaggregate, incorporating a variety of commodity and mode-
dependent characteristics used by a shipper to maximize utility. Forecasts are dependent on base
year (1985) freight movement data, which have been obtained from several sources. 1985
Percent Rail Waybill Sampfeand the Association of American Railroaailroad Fact§’ were

used to estimate rail ton-miles of trawdlaterborne Commerce of the United Statgsiblished by

the U.S. Army Corps of Engineers, was used to estimate marine ton-miles of travel; truck vehicle-
miles and tormiles of travel were disnated using th&ruck Inventory and Use Sury&yand

growth indices of sectoral economic output from Data Resource Inc.'s macroeconomié®model.
Truck energy consumption is projected using fuel economy in terms of miles per gallon and average
load factors. Rail and marine energy intensities are computed using the total fuel sales by mode as
published in thePetroleum Marketing MonthR8} The differences between energy intensities of
various sectors have been held constant from 1977.

38 This summary is derived frofforecast of Transportation Energy Demand Through the Year, Exi€rgy Systems
Division, Argonne National Laboratory, ANL/ESD-9, April, 1991, p. 34, et. seq.

39 One Percent Waybill SamplEederal Railroad Administration, Washington, D.C., 1987.
40 Railroad Facts Association of American Railroads, Washington, D.C., 1987.

1 Waterborne Commerce of the United States. Army Corps of Engineers, Water Resources Support Center, New
Orleans, LA, 1987.

42 The 1982 Truck Inventory and Use Survey: Public Use, TBypeau of the Census, U.S. Department of Commerce,
Washington, D.C., 1984.

43The DRI Annual Model of the U.S. Economy: PC Verdiata Resources, Inc., Lexington, MA, 1986.

4 petroleum Marketing MonthJ\Energy Information Administration, U.S. Department of Energy, Washington, D.C.,
1986.
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Figure 3E-1. Freight Transport Module
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MODEL STRUCTURE

The NEMS Freight Transport Module retains the structure used in thegeesbr AEO model,
aggregating the value of output from various industries into a reduced classification scheme, and
relating the demand for transport to the growth in the value of output of each industrial category.
The relationships used for truck, rail, and waterborne freight are presented in sequence below. The
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flowchart for the Freight Transport Module is presented in Figure 3E-1 above. Additional
flowcharts presenting Freight Module calculations in more detail can be found at the end of this
section.

3E-1. Freight Truck Stock Adjustment Model

INTRODUCTION

This document describes the methodology of the freight truck stock model which has been integrated
into the Transportation Demand Sector Model of the National Energy Modeling System. The newly
revised Freight Truck Stock Adjustment Model (FTSAM) improves upon previous EIA freight
transport models in that the stock of freight trucks is taken into consideration for the first time. This
allows for greater manipulation of a number of important parameters, including the market
penetration of existing and future fuel-saving technologies as well as alternatively-fueled heavy-duty
vehicles. The Freight Truck Stock Adjustment Model uses NEMS forecasts of real fuel prices and
selected industries’ output from the Macroeconomic Model to estimate freight truck travel demand,
purchases and retirements of freight trucks, important truck stock characteristics such as fuel
technology market share and fuel economy, and fuel consumption.

ALTERNATIVE SPECIFICATIONS

Current NEMS Model The freight model currently used for the AEO is an aggregate version of the
Argonne National Laboratory freight model, FRATE. Forecasts are made for three modes of freight
transport: trucks, rail, and ships. In each case, travel forecasts are based on the industrial production
of specific industries, travel growth in most cases being directly proportional to increases in value
added. This is then converted to energy demand using the average energy intensity for the mode in
guestion. Total energy demand is subsequently shared out to the various types of fuel used for freight
transport. The proposed version of the Freight Truck Stock Adjustment Model valteeibie

average energy intensity with vintage, size class, sector and fuel technology-specific freight truck fuel
economies.

Argonne National Laboratory—Transportation Energy and Emissions Modeling SyAtgonne

National Laboratory’s Transportation Energy and Emissions Modeling System (TEEMS) links
several disaggregate models to produce a forecast of transportation activity, energy use, and
emissions. The freight sector model estimates future-year activity (in vehicle-miles) and energy
consumption by sector. Indices of sectoral output are supplied by a macroeconomic model. A mode
choice model then computes ton-miles traveled by truck, rail, water, and air for 24 commodity sectors
based on commodity characteristics, changes in fuel price, energy intensities, and modal operating
characteristics. The FRATE modelis highly disaggregate, incorporating a variety of commodity and
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mode-dependent characteristics used by a shipper to maximize utiligcabts are dependent on

base year (1985) freight movement data, which have been obtained from several sources. Truck
vehicle-miles and ton-miles of travel are estimated using the Truck Inventory and Use Survey, and
growth indices of sectoral economic output are obtained from Data Resource Inc.’s macroeconomic
model. Vehicle miles are assigned to truck size groups based on commodity-specific allocation
factors. Four size classes are defined by average laden weight. Fuel types are limited to gasoline and
diesel. Energy requirements are computed using exogenous fuel economy baselines in combination
with market penetration of fuel-saving technologies. Truck stocks within each size and fuel
combination are computed on the basis of historical and projected vehicle utilization rates.

DRI/McGraw-Hil—Energy Review Demand for motor fuels in the transportation sector is based
on a vintage capital analysis of on-road vehicles. Consumers are assumed to determine the
composition of the capital stock--in terms of both volume and technological characteristics--through
their vehicle purchase decisions. The demand for travel, in conjunction with the number and type of
vehicles in the stock, then determines the level of fuel consumption. Motor vehicles are divided into
cars, light trucks, medium trucks (10,000-33,000 Ibs. gross) and heavy trucks. The allocation of
trucks among weight classes was changed for the 1994 version. FH¥iYfisvay Statistics
categorizes trucks in three size classes: “two axle, four tire”; “other single unit”; and “combination
trucks”. DRI assumes that all two-axle, four-tire trucks belong in the light-duty truck category and
all combination trucks belong in the heavy-duty category. However, the more than 4 million vehicles
registered in the “other single unit” category include some light trucks and potentially some heavy
trucks as well.

MODEL STRUCTURE

The Freight Truck Stock Adjustment Model forecasts the consumption of diesel fuel, motor
gasoline, liquefied petroleum gas (LPG) and compressed natural gas (CNG) accounted for by freight
trucks in each of twelve industrial sectors. Eleven truck vintages, two truck size classes and two
fleet types are tracked throughout the model, each having its own average fuel economy and average
number of miles driven per year. This section presents and describes the methodology used by the
model to forecast each of these important variables.

There are six main procedures which are executed during each year of the model run in order to
produce estimates of fuel consumption. In the first, fuel economies of the incoming class of new
trucks are estimated through market penetration of existing and future fuel-saving technologies.
Relative fuel economies are used in the second routine to determine the market share of each fuel
technology in the current year’s truck purchases. The third routine determines the composition of
the existing truck population, utilizing the characteristics of the current year’s class of new trucks
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along with exogenously estimated vehicle scrappage and fleet transfer rates. Actual and perceived
sectoral demand for freight travel in the form of vehicle-miles traveled (VMT) is then estimated and
used to determine truck purchases in the fourth routine. In the fifth routine, actual VMT demand
is allocated among truck types and divided by fuel economy to determine fuel consumption.
Finally, the truck stocks are rolled over into the next vintage, and the model is prepared for the next
year’s run.

1. Estimate New Truck Fuel Economies

The first step in the FTSAM is to determine the characteristics the incoming class of truck
purchases. Estimates of new medium and heavy truck fuel economies are generated endogenously
and depend on the market penetration of specific fuel-saving technologies. Currently existing fuel-
saving technologies are based on raft Heavy- and Medium-Duty Truck Fuel Economy and
Market Penetration Analysis for the NEMS Transportation Sector Mddgionne National
Laboratory® and include Drag reduction, Advanced tires. Currently existing technologies gain
market share via time-dependent exponential decay functions with exogenously determined maxima
and minima, based on historical trends.

Future technologies are adapted frBmaft Heavy- and Medium-Duty Truck Fuel Economy and
Market Penetration Analysis for the NEMS Transportation Sector Mddgonne National
Laboratory®, and include Advanced transmission, Lightweight materials, Synthetic gear lube,
Advanced drag reduction, Advanced tires, Electronic engine controls, Advanced engine,
Turbocompounding, Hybrid power train, and Port-injection. Placeholders allow for the introduction
of five additional technologies. Future technologies enter the market at various times throughout
the model run depending on the year in which they become commercially available and on the level
of fuel prices relative to a calculated "trigger price" (based on capital costs) at which the technology
becomes economically viable. Because prices vary by fuel type, the market shares of fuel-saving
technologies are specified separately for diesel, gasoline, LPG and CNG trucks.

Characterizations of existing and future fuel-saving technologies are documented in an earlier

* Draft Heavy- and Medium-Duty Truck Fuel Economy and Market Penetration Analysis for the NEMS
Transportation Sector ModeArgonne National Laboratory, Prepared For: Energy Information Administration, U.S.
Department of Energy, Washington, D.C., August 1999.

“ Draft Heavy- and Medium-Duty Truck Fuel Economy and Market Penetration Analysis for the NEMS
Transportation Sector ModeArgonne National Laboratory, Prepared For: Energy Information Administration, U.S.
Department of Energy, Washington, D.C., August 1999.
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report?’ Because future technologies are speculative, future technology characterizations can be
modified by the user. However, existing characterizations are derived from historical data and
should not be altered.

The first step the model executes in each year is to calculate the average fuel price over the previous
three years and the "trigger price" at which the technology becomes economically viable:

(PRICE; e, + PRICE | g + PRICE , )
3

AVGPRG ;g = (213)

where:
T = Index referring to model run year; whére 0,...,23
FUEL = Index referring to fuel type, wheFJEL=1 refers to diesekUEL=2 refers to gasolingsUEL=3
refers to LPG an#UEL=4 refers to CNG
Average price of fuflUEL over three year period, in $ per MBtu
Price of each fuel, in $ per MBtu

AVGPRC
PRICE

CAPCXGcryeLteCH
TGPRCXG gcryeLtech = PAYBKXG e oo
y MBTUTKXG*MPGIPXGyrg 1ec ((1+(DISCRTXG .01)P)

P=1

(214)

where:

PAYBKXG= Payback period for a technology
TGPRCXG = Fuel price at which a technology TECH becomes economically viable
CAPCXG = Capital cost of a technology
MBTUTKXG = Exogenously determined fuel usage
MPGIPXG = Exogenously determined incremental fuel improvement
DISCRTXG = Exogenously determined discount rate

Whether a future technology enters the market during a particular year depends on the trigger price
of that technology relative to the average price of each fuel over the past three years. If the
technology has not yet entered market and the average price is greater than the technology’s trigger
price, the technology enters the market during the current year:

“NEMS Transprtation Sector Model: Freight Truck Stock Adjustment Model Uddatésion Analysis
Corporation of Virginia, Task 95-101, Subtask 1-3, Appendix A, November 30, 1995.
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For TECH = 6,...,16
If AVGPRG g > TRIGPRG ryg tech (215)

INITYRSC,FUEL,TECH =T

where:
TECH = Index referring to fuel-saving technologies, wh€ECH = 1,...,5 refers to currently available
technologies anECH= 6,...,16 refers to future technologies
SC = Index referring to truck size class, wh&@= 2 refers to medium trucks asC= 3 refers to
heavy trucks
INITYR = Year in which technologf¥ ECH enters market
TRIGPRC = Exogenously determined fuel price at which techndl&fyH becomes economically viable

If a future technology enters market in the current year, coefficients for the logistic market
penetration curve are determined:

In(0.01)

CYCLEsc FueL, TECH ]
2

COEFTSC,FUEL,TECH = [

and (216)

— CYCLI':SC,FUEL,TECH
MIDYRgc ruer recn = INITYRe ruer tech * [ 2

where:
COEFT = Endogenously determined logistic market penetration curve parameter
CYCLE = Exogenously determined logistic market penetration curve parameter representing number of years
until 99 percent of maximum market penetration
MIDYR = Endogenously determined logistic market penetration curve parameter

These coefficients are then used during the remainder of the forecast period to determine that
technology’s market share. Technology market penetration depends on the level of fuel prices
relative to the technology’s trigger price. For each technology which has entered the market, and
for existing technologies, the effect of fuel prices on market penetration is determined for the current
year:

AVGPRQ,FUEL
TRK}PR%C, FUEL,TECH

PREFF scruertech = 1 + PRCVARC rygy rech -1 (217)
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where:
PREFF = Effect of fuel price on market penetration rates for six fuel-saving technologies

PRCVAR = Exogenously determined fuel price sensitivity parameter for each technology, representing percent
increase in technology market share if fuel price exceeds trigger price by 100%

For each available technology, including existing technologies, the model determines its share of
the available market in the current year:

For TECH = 1,...,5
TECH; sc rueL, Tech = Min {PREFFT,SC,FUEL,TECH : [BSHR-EC,TECH
+ (ESHRTG ruer rect ~ BSHRTG recu) - (1 - e Remar COEFTSCJECH.T)] : 1}
(218)
For TECH = 6,.....,16

. ESHR-EC FUEL,TECH
TECHSHR s rue recn = Min {PREFFT'SC'FUEL’TECH' 1+ " -

C,FUEL, TECH (T - MDYRSC,FUEL,TECH)

+ e S

where:
TECHSHR = Market share of fuel-saving technolad@CH for size classCand fuel typecFUEL
CONST = Exogenously determined market penetration curve parameter for existing technologies
COEFT = Market penetration curve parameter; exogenous for existing technologies, endogenous for future

technologies
BSHRT = Exogenously determined market penetration curve parameter representing market share of existing

technologyTECHin 1992
ESHRT = Exogenously determined market penetration curve parameter representing final market share of

technologyTECHIf fuel price were always equal to trigger price

If a technology A is superseded by another mutually exclusive technology B at any time during the
model run, technology A’s market share must be adjusted to reflect the smaller pool of vehicles in

its base market:

TECHSHR ¢ rueL recn = (1 — SPRSDEFE ¢ ey recn) © TECHSHR s ruer mec (219)

where:
SPRSDEFF = Superseding effect, equal to the market share of the superseding technology

Once the market shares in a given year are established, the effects of the technologies on the base
fuel price are tallied and combined to form a vector of "MPG Effects", which are used to augment
the base fuel economy of new trucks of each size class and fuel type:
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16

MPGEFF; ocrue. = TElc:!ﬂ (1 + MPGINCRy cugr tech TECHSHR,SC,FUEL,TECH) (220)

where:
MPGEFF = Total effect of all fuel-saving technologies on new truck fuel economy ifT year
MPGINCR= Exogenous factor representing percent improvement in fuel economy due to each technology

Fuel economy of new medium and heavy trucks can finally be determined:

MPGT,SC,AGE:O,FUEL = BASEMP%C,FUEL ) MPGEFFT,SC,FUEL (221)

where:
BASEMPG = Fuel economy of new medium and heavy trucks with no fuel-saving technologies

2. Determine the Share of Each Fuel Type in Current Year’s Class of New Trucks

Another major characteristic of the current year’s class of new trucks, the market share of each fuel
type, is calculated in the second FTSAM routine. Market penetration of alternative fuel freight
trucks is more likely to be driven by legislative and/or regulatory action than by strict economics.
For this reason, separate trends are incorporated for "fleet" vehicles, which are assumed to be more
likely targets of future legislation, and "non-fleet" vehicles. The fuel technology routine described
below is intended to simulate economic competition among fuel technologies after the "creation”
of a market for alternative fuel trucks by government action. The user specifies the market share
alternative fuel trucks are likely to achieve if they have no cost advantage over conventional
technologies. The inherent sensitivity of each fuel technology to the cost of driving is also specified
exogenously. The latter parameter represents the commercial potential of each fuel technology over
and above what is mandated by government, and serves to modify the exogenous trend based on
relative fuel prices and fuel economies. Additional user-specified parameters include the year in
which the market penetration curves are initiated and the length of the market penetration cycle.

The first step in this process is to calculate the fuel cost per mile for trucks of each size class and
fuel type:

AVGPRQ’,FUEL
MPGT,SC,FUEL

FCOST scryeL = - HTRATE (222)
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where:
FCOST = Fuel cost of driving a truck of fuel typgEL, in dollars per mile

HTRATE = Heat rate of gasoline, in million Btu per gallon

The fuel cost of driving diesel trucks relative to AFVs is then calculated:

FCOST ¢ rueL
RCOS =1- A - 1| - PRCDIFFVA
-‘FSC,FUEL FCOS-I;,SC,FUELzl I%C,FUEL (223)

where:
RCOST = Fuel cost per mile of diesel relative to LPG and CNG

PRCDIFFVAR = Exogenously determined parameter representing inherent variation in AFV market share due to
difference in fuel prices

The market penetration curve parameters are determined during a user-specified trigger year:

In(0.01
COEFAFVSC,FUEL,FLT = ( )
CYCAF\éC, FUEL,FLT :|
2
and (224)
CYCAFN ¢ kel T
MYRAF\éc,FUEL,FLT = TRYRAFgc,FUEL,FLT + > - -

where:
FLT = Index referring to fleet type, whele T = 1 refers to trucks in fleets of nine or less &hd = 2

refers to trucks in fleets of ten or more
COEFAFV = Endogenously determined logistic market penetration curve parameter
CYCAFV = Exogenously determined logistic market penetration curve parameter representing number of years

until maximum market penetration
MYRAFV = Logistic market penetration curve parameter representing "halfway point” to maximum market

penetration
TRYRAFV = Exogenously determined year in which each alternative fuel begins to increase in market share, due

to EPACT or other factors

After the market penetration of alternative fuel trucks has been triggered, the AFV market trend is
determined through a logistic function:

ESHRE - BSHRE,
MPAT _ RCOS . BSHRF + SC,FUEL,FLT SC,FUEL,FLT
Hr sc.rueL rLt T sc.rue SCRUELFLT ™ "™ ™ commarvee, pum mur (T MIRaPVsc, pus ) (225)
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where:

BSHRF Base year (1992) market share of each fuel type
ESHRF = Exogenously determined final market share of each fuel type

The share of diesel in conventional truck sales is forecast through a time-dependent exponential
decay function based on historical data:

MPATl_lI',SC,FUELzl,FLT - BSHRFSC,FUEL,FLT +

[ ESHRFSC,FUEL,FLT B BSHRFSC,FUEL,FLT

(226)

] . (1 _ eCONSI%C,FLT * COEFTSC,FLT'T>

where:
CONSD
COEFD

Exogenously determined market penetration curve parameter for diesel trucks
Exogenously determined market penetration curve parameter for diesel trucks

LPG and CNG trucks are already prominent in some sectors of the economy, most notably in the
petroleum products sector. The market share of alternative fuel trucks is assumed never to dip
below the historical level in each sector. The actual AFV market share is thus calculated as the
maximum of historical and forecast shares:

FSHR: secscruet-3.4pr = maX[BSEgEC,SC,FUEL,FLT , MPATHT,SC,FUEL,FLT] (227)

where:
BSEC = Exogenously determined base year (1992) share of alternative fuels in truck purchases

Because of the potential for any fuel type to exceed the user-specified "maximum” due to cost
advantages over other technologies, market penetration must be capped at one hundred percent.
Diesel market share is calculated as the forecast share of diesel in conventional truck sales multiplied
by the share occupied by conventional trucks:

4

FSHR secscrue-1mr = | 1= 2 FSHR secscruemr
FUEL-3 (228)

- (min [MPATH; o e i - BSECRecscmr » 1))

where:
BSECD = Exogenously determined parameter representing tendency of each sector to purchase diesel trucks

The remainder of truck purchases are assumed to be gasoline:
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FSHRF,SEQSC,FUEL:Z,FLT =1- Z FSHRF,SEC,SC,FUEL,FLT (229)

FUEL=1,3,4

3. Determine Composition of Existing Truck Stock

Once the characteristics of the incoming class of new trucks are determined, the next step is to
determine the composition of the stock of existing trucks. Scrappage rates are applied to the current
truck population:

TRKSTK secscaceruerrr = TRKSTK ;| secscace-1,FueLALT (1 - SCRAFS)C,AGE—1> (230)

where:
TRKSTK = Stock of trucks in yedr
SCRAP = Exogenously determined factor which consists of the percentage of trucks of each age which are
scrapped each year

A number of trucks are transferred in each year from fleets of ten or more to fleets of nine or less.
Transfers of conventional trucks are based on exogenously determined transfer rates:

TRFL secscaceruer = TRFRATEC poe - TRKSTK sec s ace FUEL FLT-2 (231)

where:
TRF1

Number of trucks transferred from fleet to non-fleet populations, if no restrictions are placed on
the transfer of alternative-fuel trucks
TRFRATE

Exogenously determined parameter representing the percentage of trucks of each vintage to be
transferred from fleets to non-fleets in each year

The transfer of alternative fuel trucks is somewhat more complicated. Alternative fuel trucks
purchased by centrally refueled fleets might not be as easy to resell as conventional trucks,
especially if LPG and CNG are not widely available at filling stations. For this reason, an additional
routine is incorporated which, at the user’s option, restricts the transfer of alternative fuel trucks
from fleets to non-fleets. If this option is chosen, the share of LPG and CNG trucks in fleet transfers
in each vintage cannot be greater than the share of each fuel in non-fleet purchases in each sector.
In other words, if two percent of non-fleet trucks sold to Sector 3 inlyaa& fueled with LPG, no

more than two percent of each vintage of fleet transfers can be LPG-fueled. Restricted AFV
transfers are calculated as follows:

4

TRFZF,SEC,SC,AGE,FUEL:3,4 - FSHR’,SECSC,FUEL,FLT:ZL ) TRFRAT%G,AGE ) FU%E{LTRKSTK’,SEQSC,AGE,FUEL,FLT:1 (232)
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where:
TRF2 = Number of trucks transferred from fleet to non-fleet populations, if the fuel mix of fleet transfers
is exactly the same as the fuel mix of new non-fleet purchases

Actual fleet transfers are then defined as the unrestricted fleet transfers as calculrtadadn
conventional trucks, and the minimum of unrestricted and restricted transfers for AFVs:

TRFT,SEC,SC,AGE,FUEL: 1,2 - TRF:LT,SEC,SC,AGE,FUEL,FLT

and (233)

TRFT,SEQSC,AGE,FUEL:3,4 - mln[TRFlT,SEQSC,AGE,FUEL ! TRFZT,SEQSC,AGE,FUEL]

where:
TRF = Total number of trucks transferred from fleet to non-fleet populations

Fleet transfers do not automatically go to non-fleets in the same sector, but are allocated based on
each sector’s share of the total non-fleet truck population of each vintage of trucks:

4 11
Fug,l AGXE; TRKSTI#,SEC,SC,AGE,FUEL,FLT:1
TRFSHR g0 gec = yE T 34

Z Z Z TRKSTK,SEC,SC,AGE,FUEL,FLT:1

FUEL=1 AGE-=1 SEC-1

where:
TRFSHR = Share of fleet transfers which goes to each sector

The new existing population of trucks is simply the existing population (after scrappage) modified
by fleet transfers:

TRKSTK,SECSC,AGE,FUEL,FLT:2 = TRKSTK,SECSC,AGE,FUEL,FLT:2 - TRFT,SEC,SC,AGE,FUEL,FLT
and
(235)

12
‘STKT,SEC,SC,AGE,FUEL,FLT:l - TRKSTK,SECSC,AGE,FUEL,FLT:l + TRFSHR,SEC,SC ) S;}J-TRFT,SEC,SC,AGE,

4. Calculate Purchases of New Trucks
Truck purchases are based on the operating characteristics of new and existing trucks, primarily the
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average annual vehicle mileage per truck, and on the demand for freight travel in the current year.
Annual vehicle mileage determines the ability of the existing stock to meet the VMT demand. VMT
per truck has increased steadily since the early 1970s, and is forecast as an index in which 1992 is
equal to one. The index is defined as a time-dependent exponential decay function for each size
class with exogenously determined parameters:

BSHRY, + (ESHRV - BSHR\) - (1 - ek COF%e )

VMTTRENQ’SC = CONS\, + COEFV, - 1992
BSHRY + (ESHRV, - BSHR\) - (1 - ek ko 1952)

(236)

where:
VMTTREND = Index of average annual VMT per truck, where 1992 =1

BSHRV = Exogenously determined VMT per vehicle increase factor representing minimum annual vehicle
mileage

ESHRV = Exogenously determined VMT per vehicle increase factor representing maximum annual vehicle
mileage

CONSV = Exogenously determined exponential VMT per vehicle increase factor

COEFV = Exogenously determined exponential VMT per vehicle increase factor

This index is multiplied by base year annual VMT to calculate VMT per truck in each year:

ANNVMT; oecscaceruer = ANNVMTBASE gecsoaceruet - YVMTTREND o (237)

where:
ANNVMT = Average annual VMT per vehicle by sector, size class, truck age and fuel type
ANNVMTBASE = Base year average annual VMT per vehicle by sector, size class, truck age and fuel type

Annual VMT per truck varies by sector, size class, truck age and fuel type, and is multiplied by the
array of existing trucks to determine the VMT which can be provided by the current population of
trucks in each sector:

2 16 11

3
VMTOLDT,SEC - Z Z Z Z TRKSTK’,SEC,SC,AGE,FUEL,FLT ) ANNVMTSEC,SC,AGE,FUEL (238)
FLT=1 FUEL=1 AGE=1 SC=1

where:
VMTOLD = VMT which can be provided by existing stock of trucks in each sector, after scrappage

The next step is to calculate the demand for freight travel in each sector. Demand for freight travel
is expressed in vehicle-miles traveled (assuming that load factors remain constant throughout the
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forecast period), and is calculated based on "freight adjustment coefficients”, or FACs. FACs are
intended to capture the relationship between growth in industrial output and demand for freight
travel in each industrial sector. In keeping with the approach taken elsewhere in the NEMS
Transportation Demand Sector Model, historical trends are moderated over time by means of a time-
dependent exponential decay function. The current year FAC is calculated as follows:

_9
T90 - T50

and (239)

FACT - FACBAS 1 - PACBASK
RF,SEC - I%EC * 1+ eCOEFFAC~ (T50 - T)

COEFFAC = In

where:
COEFFAC = FAC decay parameter

T90 = User-specified year by which 90% of FAC decay is experienced
T50 = User-specified year by which 50% of FAC decay is experienced
FACTR = "Freight Adjustment Coefficient": factor relating growth in value added of S8EI0 growth

in demand for freight truck VMT
FACBASE = Base year Freight Adjustment Coefficient

Freight adjustment coefficients, and the user-specified decay parameters, have a substantial impact
on total truck VMT and hence on fuel consumption. The fifty and ninety percent years are currently
set to 2002 and 2007, respectively; these can be easily modified by the user to reflect differing
assumptions about the relationship between economic growth and truck VMT over time.

FACs are then used to calculate the actual VMT demand in each sector. The VMT demand in each
year affects both the size of the truck stock and the number of miles driven by each truck in that

year, and is calculated as follows:

ForT=0

VMTDM - VMTDMDBAS FACT OUTPUTr sec

Dr sec = Bec Reec W

(240)
For T = 1-22

VMTDM - VMTDM FACT OUTPUTr sec

Dr sec = Dr_1 sec Reec m

where:
VMTDMD = Demand for freight travel by sect8EC in yearT
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VMTDMDBASE = Demand for freight travel by sect8EC in year 0
FACTR "Freight Adjustment Coefficient": exogenously determined factor relating growth in value added
of sectorSECto growth in demand for freight truck VMT

Truck purchases are based not on the actual VMT demand for a given year, for this cannot be known
in advance by the decision-makers, but on the level of demand which is expected to occur at the
time the trucks are delivered. Since industry practice is to order trucks six months in &dtrance
purchasing period for trucks delivered in y&axtends from July 1 of yedrl to June 30 of year

T. Purchase orders are placed based on the expected freight shipping orders six months later.
Expected shipping orders are based on two factors: the level of demand currently being
experienced, or the perceived baseline demand, and the expected growth rate of VMT demand over
the next six months.

The predicted growth in VMT demand can be defined as the growth experienced during the previous
six months. On July 1 of ye@rl, the predicted growth rate is simply the growth rate for Velgr

while on June 30 of yedr, the predicted growth rate is the growth rate for feaAssuming that

truck ordering takes place continuously throughout the year, the predicted growth rate can be
calculated as follows:

OUTPUT, OUTPUT,
PVMTGROWTH . = 0.5 | ——— 1SE¢ 11, 05|~~~ T-1SEC 3 (241)
' OUTPUT, _; gec OUTPUT, _, gec
where:
PVMTGROWTH = Growth rate with which perceived demand for freight travel in Yearforecast by freight

companies

The perceived baseline demand is defined to be the level of VMT demand which has been
experienced in the year prior to the purchasing period, and is estimated as follows:

For T=0

PVMTBASE ¢ = 0.5 - VMTDMDBASE,.

(242)
For T = 1-22

PVMTBASE . = 0.5 VMTDMD; g + 0.25- VMTDMD; ; o

“8 Personal conversation with Donnie Hatcher of McClendon Trucking, Lafayette ,Alabama.
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where:
PVMTBASE = Baseline from which perceived demand for freight travel in year T is calculated.

Assuming that only the perceived baseline demand from previous needs to be "brought forward" into
the current year, the VMT demand perceived by freight companies can be estimated as follows:

PVMTBASE ¢z = 0.5 VMTDMT,_, ¢ + 0.25 VMTDMD, _, gec

and (243)
VMTDMD; ¢ = 0.25 VMTDMD; o + PVMTBASE (1 + PVMTGROVVTI;IVSEC)- FACTR4

where:
PVMTBASE
PVMTDMD

Baseline from which perceived demand for freight travel inTysdfiorecast by freight companies
Perceived demand for freight travel in y&ar

The difference between perceived VMT demand and VMT provided by the surviving stock of trucks
constitutes the perceived unmet VMT demand, which is provided by purchasing new trucks:

PVMTUNMET, ¢ = PVMTDMT, o - VMTOLD, ¢, (244)

where:
PVMTUNMET = Difference between perceived VMT demand and demand which can be met by existing stock of
trucks

Unmet VMT demand is next allocated among size classes and fleet types by means of constant size
class and fleet type allocation factors. Size class allocation factors determine truck purchases by size
class, while fleet allocation factors represent the share of new trucks accounted for by fleets in each
sector. The calculation is as follows:

PVMT; seqscrir-1 = MAX[PYMTUNMET, oo+ VMTSCFAGesc* (1 - FLTSHRgqsc) » O]

and (245)
PYMT, secscrirz = MAX[PVMTUNMET, oo VMTSCFAG g - FLTSHR ¢ g, O]

where:
PVMT = Perceived demand for freight travel by new trucks of size 8&ssd fleet typd=LT in sector
SEC
VMTSCFAC = Exogenously determined parameter representing percentage of new truck sales which go to each
size class$Cin sectorSEC
FLTSHR = Exogenous parameter representing percentage of new truck sales of each Sgautiedsgo
to fleets of ten or more in sect8EC
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Market shares and VMT per vehicle for trucks of each fuel technology have been calculated above;

these are used to calculate a fuel technology-weighted average annual VMT per vehicle of the
current year’s class of new fleet and non-fleet trucks:

4
PVNT,SEC,SC,FLT = Fu%_:—l FSHR’,SEC,SC,FUEL,FLT ) ANNVMTF,SEC,SC,AGE:O,FUEL

(246)
where:

AGE
PVN

0 refers to new trucks

Annual VMT per vehicle for new trucks in yegr

Truck purchases are finally calculated as the perceived unmet VMT demand divided by VMT per
truck, weighted by fuel type:

P\/'\/ITT, SECSCFLT

P\/NT,SEC,SC,FLT

TRKSTI#,SEC,SC,AGE: 0,FUEL,FLT —

- FSHR: secscrueLmr  (247)
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5. Calculate Fuel Consumption

The next stage of the model takes the total miles driven by trucks of each size class, fuel type and
age in each NEMS Industrial Sector and divides by fuel economy to determine fuel consumption.
Since truck purchases are based on the perceived unmet VMT, and not actual VMT demand, there
may be excess VMT demand which is not currently being met by the existing or new trucks (there
may also be a surplus of trucks in comparison to the actual VMT demand in a given year). Actual
VMT demand must therefore be allocated among truck types:

12
3. VMTDMD; g

VMTT,SECSCAGE,FUEL,FLT - TRKSTK‘,SECSC,AGE,FUEL,FLT ) ANNVMTI’,SECSCAGE,FUEL ) s;“= (248)

Y PVMTDMD; g
SEC=1

where:
VMT = Actual VMT by trucks of each type in year

Freight truck fuel economy is dependent on the "fuel economy degradation factor", which converts
EPA-rated fuel economy into on-road values, accounting for increased traffic congestion and other
factors. The fuel economy degradation factor is calculated in the LDV Module and modified by the
FTSAM based on the simplifying assumption that all of the fuehemy degradation occurs
because of worsening driving conditions in congested urban areas. The light-duty vehicle
degradation calculated in FEM is thus reduced to reflect the higher percentage of highway miles
driven by freight trucks:

URBANSH@C}

1 - |:(1 - MPGDEGFAQ,LDV) ° m

MPGDEGFAG . = sy

(249)
URBSHRLDV}

1 [(1 - MPGDEGFAG 4 1) -

where:
MPGDEGFAG,, = Fuel economy degradation factor, from LDV Module
MPGDEGFAC = Fuel economy degradation factor for freight trucks
URBANSHR % of miles driven in urban areas by trucks of each size class in base year (1992)
URBSHRLDV = % of miles driven in urban areas by LDVs in base year (1992)

EPA does not rate heavy-duty trucks for fuel economy. Because historical values for medium and
heavy trucks reflect on-road fuel economies, the fuel economy degradation factor must be indexed
so that the value in 1992 is equal to one.

Fuel consumption, in gallons of gasoline equivalent, is finally calculated by dividing VMT by on-
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road fuel economy:

FUEL VMTT,SEC,SC,AGE,FUEL,FLT

T,SEC,SC,AGE,FUEL,FLT
MPG; secscacerue - MPGDEGFAG o

(250)

where:
FUEL = Total freight truck fuel consumption by sector, size class and fuel type iff,yieagallons of
gasoline equivalent
MPGDEGFAG .= Fuel economy degradation factor, overwritten in the code by 0.99.

Converting from gasoline equivalent to trillion Btu is a trivial application of the heat rate of
gasoline:

11
TRlLT,SEC,SC,FUEL,FLT = Z FUELT,SEQSC,AGE,FUEL,FLT' HTRATE- 10°° (251)

AGE=0

where:
TRIL = Total fleet truck fuel consumption by sector, size class and fuel type i yiearillion Btu

6. Roll Truck Population and Fuel Economy
The final stage prepares the model for the next year by calculating new fuel economies of trucks
which are ten years old or older:

2 11 12
Z Z Z VMTT,SEC,SC,AGE,FUEL,FLT

_ FLT-1AGE-10 SEC-1
MPG; . scsee-10 FUeL = 2 1

12
Z Z Z I:UELT,SEC,SC,AGE,FUEL,FLT

FLT=1 AGE=10 SEC-1

(252)

where:
AGE = 10 refersto trucks in the tenth vintage, i.e., trucks which are ten years old during model run year
t
AGE = 11 refersto trucks in the eleventh vintage, i.e., trucks which are eleven years old or older during
model run yeat
T+1 = refers to the next model run year

The last two vintages of trucks are finally collapsed into one:

TRKSTK‘,SEGSC,AGE:1O,FUEL,FLT - TRKSTK‘,SEQSC,AGE:1O,FUEL,FLT * TRKSTK‘,SEQSC,AGE:11,FUEL,FLT (253)
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This model is a disaggregate, policy-sensitive approach to the forecasting of freight truck energy
demand. It represents a substantial improvement over the current model for a number of reasons, the
foremost being that vehicle stock and purchases are considered for the first time. This allows the user
to test policies which might affect the penetration of alternative fuels or future fuel-saving
technologies into the heavy-duty vehicle market. Additional factors considered for the first time
include the number and composition of trucks in fleets of ten or more, historical and future market
trends of existing fuel-saving technologies, historical trends toward higher vehicle utilization rates,
and the effect on truck fuel economy of worsening driving conditions.
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3E-2. Ralil Freight Model

Rail forecasts represent a simplification of the freight trucking approach, in that only one class of

freight rail and vehicle technology is considered. Projections of energy use by rail are driven by

forecasts of ton-miles traveled for each of the industrial categories used in the trucking sector. The
algorithm is similar to the one used for trucks:

2
COALT, = ) COALP,, - COALD(STIR) (254)
IR=1
where: COALT = Total ton-miles traveled for coal in region IR (east/west) inTyear

COALP = The production of coal in region IR in year T in tons
COALD =Distance coal has to travel in region IR in step year ST.

RTMT, = ioj RTMT. - FACR - |0 P9l
Ta To i OUTPUT, (255)
where:
RTMT = Total rail ton-miles traveled for industiyn yearT
OUTPUT = Value of output of industily in base year dollars
FACR = Coefficient relating growth of value added with growth of rail transport
COALT
RTMT,; =(1 - RTMT, )+ .9 - RTMT,, - COoALT. AT, (256)
10
RTMT, = ) RTMT (257)
1=1
Energy consumption is then estimated using the projected rail energy efficiency:
TQRAILT. = FERAIL - RTMT. (258)

where:
TQRAILT = Total energy consumption by freight trains
FERAIL = Rail energy efficiency
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where rail efficiency gains resulting from technological development and increased system
efficiency are based on an exogenous analysis of trends.

This aggregate energy demand is used to estimate the demand for the various fuels used for ralil
transport, adjusting the previous year's demand for a given fuel by the fractional increase in overall
energy requirements:

(259)

TQRAILT,
TQRAILFUEL,T = TQRAILFUEL,T—l ) W
-1

where:
TQRAIL g, ;= Total demand for each fuel by rail freight sector in yiear

This is based on the assumption that the relative shares of each fuel remains constant across the
forecast horizon, and that there is little or no room for fuel substitution as prices vary.

Fuel consumption is then allocated to each region:

TQRAILR et = TQRAIL: recyr © SEDSHRDS eer (260)

where:
TQRAILR ¢y r = Total regional fuel consumption for each technology
SEDSHRDS,, 1 = Regional share of rail freight fuel consumption, from SEDS

Calculate fractional change in rail travel and fuel efficiency:

RTMTT,

XRA“_T = m
=1

and (261)

FERAIL, ,

T

where:
XRAIL = Growth in rail travel from base year
XRAILEFF = Growth in rail efficiency from base year
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3E-3. Waterborne Freight Model

Two classes of waterborne transit are considered in this component: domestic marine traffic and
freighters conducting foreign trade. This is justified on the grounds that vessels which comprise
freighter traffic on rivers and in coastal regions have different characteristics than those which ply
international waters.

Domestic Marine
Once again, the estimation of total domestic waterborne travel demand is driven by forecasts of
industrial output:

10 OUTPUT;,

STMTT = 3 STMT. - FACS - |—— T
L T 3 OUTPUT,,_ (262)

where:
STMT = Total ton-miles of waterborne freight for indusitip yearT
OUTPUT = Value of output of industily in base year dollars
FACS = Coefficient relating growth of value added with growth of shipping transport
T = Year of most recent data update

This total is subsequently shared out among classes of domestic freighter:

STMT.; = T&; - STMT, (263)

where:
TS = Travel share allocated to vessels in alass

Travel shares are considered constant, and allocated according to the most recent data:

STMT,

7 ST, (264)

Total

At present, only one class of domestic waterborne transport is considered, but as further research
is conducted, a greater level of detail may be justified.

Fuel use is subsequently estimated, using the average energy efficiency for each class of freighter
(currently one class):
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SFDT; = FESHIR, - STMT, (265)

where:
SFDT = Domestic ship energy demand
FESHIP = Average fuel efficiency

Estimated changes in energy intensity will be developed exogenously. The next step is to allocate
total energy consumption among three fuel types (distillate fuel, residual fuel oil and gasoline):

SFDg; = SFDT; - SFSHARE ; (266)

where:
SFD = Domestic ship energy demand, by fuel
SFSHARE = Domestic shipping fuel allocation factor
IF = Index referring to shipping fuel type

The factor which allocates energy consumption among the three fuel types is based on 1990 AEO
numbers and is held constant throughout the run period.

Total energy demand is then regionalized:

TQSHIPR: gegr = SFDe1 - SEDSHR: peir (267)

where:
TQSHIPR = Total regional energy demand by domestic freighters
SEDSHR = Regional shares of fuel demand, from SEDS

Although only one class of vessel is considered at the present time, the model was designed to allow
further stratification should more detailed data become available.

Calculate fractional change in domestic ship travel and fuel efficiency:

STMTT.

XSHlpT = m
=1

and (268)

FESHIP,

XSHIPEFE = — T
FESHIP. ,

Energy Information Administration
NEMS Transportation Demand Model Documentation Report 161



where:
XSHIP = Growth in ship travel from base year
XSHIPEFF = Growth in ship efficiency from base year

International Marine
Fuel demand in international marine shipping is directly estimated, linking the level of international
trade with the lagged consumption of the fuel in question:

GROSST

ISFDT—I— = ISFDT—Pl + m
-1

1|- 0.5 - ISFDT, (269)

where:
ISFDT = Total international shipping energy demand in year
GROSST = Value of Gross Trade (imports + exports), from Macro Model

Total energy demand is then allocated among the various fuels as above:

ISFD ; = ISFDT; - ISFSHARE: ; (270)

where:
ISFD = International freighter energy demand, by fuel
ISFSHARE = International shipping fuel allocation factor

Regional fuel consumption is then calculated:
TQISHIPR: z = ISFD¢; - SEDSHR: ¢ (271)
where:

TQISHIPR = Total regional energy demand by international freighters
SEDSHR = Regional shares of fuel demand, from SEDS
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Figure 3E-2. Highway Freight Model
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Figure 3E-3. Rail Freight Model
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Figure 3E-4. Waterborne Freight Model
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RATIONALE

This module addresses the projection of demand for several transportation fuels and end-use

categories that have not been considered in earlier modules. These energy uses include military
operations, mass transit (passenger rail and buses), recreational boating, and lubricants used in all
modes of transportation. The NEMS approach represents an incremental improvement over the

estimation methodology used in the predecessor AEO model.

In determining the impact of military operations, the predecessor model makes adjustments to
energy consumption on a fuel-by-fuel bases to reflect recent military consumption levels. These
levels are then assumed to remain constant over the forecast. In contrast, the NEMS model uses
military budget emates to forecast changes in fuel demand. In the public transit sector, the
predecessor model does not explicitly consider passenger rail, which accounts for approximately
fifteen percent of total rail energy consumption, or buses, which account for approximately one
percent of total highway fuel consumption; energy use for each of these modes is considered as part
of the benchmarking process, as is fuel use in recreational boats. NEMS models these sectors
explicitly.

The flowchart for the Miscellaneous Energy Demand Module is presented below. Additional
flowcharts portraying Miscellaneous Energy Demand Module calculations in more detail can be
found at the end of this section.
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Figure 3F-1. Miscellaneous Energy Demand Module
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MODEL STRUCTURE

3F-1. Military Demand Model

Demand for fuel for military operations is considered to be proportional to the projected military
budget. The fractional change in military budget is first calculated:

ILTARGR - _TMC_GFMLS7,
il TMC_GFML8T7, , (272)

where:
MILTARGR = The growth in the military budget from the previous year
TMC_GFML87 = Total defense budget in year T, from the macro economic segment of NEMS

Total consumption of each of four fuel types is then determined:

MFD MFD + MILTARGR. (273)

FT — IFT-1

where:
MFD = Total military consumption of the considered fuel in year T
IF = Index of fuel type: 1=Distillate, 2=Naphtha, 3=Residual, 4=Kerosene

Consumption is finally distributed among the nine census regions:

QMILTRIF,REG - MFDIF,T * MILTRSHR\E,REG (274)

where:
QMILTR = Regional fuel consumption, by fuel type, in Btu
MILTRSHR = Regional consumption shares, from 1991 data, held constant

3F-2. Mass Transit Demand Model

The growth of passenger-miles in each mode of mass transit is assumed to be proportional to the
growth of passenger-miles in light duty vehicles. This is determined from the output of the VMT
module and the load factor for LDV's, held constant at 1989 levels:
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TMOD, ; = VMTEE; * TMLOAD89

and:
(275)
™ ODl,T BETAMS

TMOD||V|,T = TMOD W
1,T-1

MT-1 ™

where:
TMOD = Passenger-miles traveled, by mode
VMTEE = LDV vehicle-miles traveled, from the VMT module
TMLOADBS89 = Average passengers per vehicle, by mode (1=LDV's)

BETAMS = Coefficient of proportionality, relating mass transit to LDV travel
IM = Index of transportation mode: 1 =LDV's, 2-4 = Buses, 5-7 = Rail

Fuel efficiencies, in Btu per vehicle-mile, are obtained from the Freight Module for buses and rail;
and mass transit efficiencies, in Btu per passenger-mile, are calculated:

FMP
TMEFF89,, * MPSrver
TMEFFL,, . - FMPG89. e (276)
MT TMLOADS9,,

where:
TMEFFL = Btu per passenger-mile, by mass transit mode
TMEFF89 = Base-year Btu per vehicle-mile, by mode
FMPG = Fuel efficiency, by vehicle type, from the Freight Module
FMPG89 = Base-year fuel efficiency, by vehicle type, from the Freight Module
TYPE= Vehicle type, from the Freight Module: 1 = Mid-size trucks, 2 = Rall

Total fuel consumption may then be calculated and distributed among regions according to their
populations:

TMC_POPAFQ,

QMODR,, x; = TMOD,,; * TMEFFL,,; *

(277)
Y. TMC POPAFQ,,

IR=1

where:

QMODR = Regional consumption of fuel, by mode
TMC_POPAFO = Regional population forecasts, from the Macro Module
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3F-3. Recreational Boating Demand Model

The growth in fuel use by recreational boats is considered to be proportional to the growth in
disposable personal income:

BETAREC

TMC_YD;

RECFD. = RECFD. |, * |—— |
> P TMC_YD; ,

(278)

where:
RECFD = National recreational boat gasoline consumption in year T
TMC_YD = Total disposable personal income, from the Macro Module
BETAREC = Coefficient of proportionality relating income to fuel demand for boats

Regional consumption is calculated according to population, as with mass transit, above:

TMC_POPAFQ,

RECR,, = RECF
Q Fﬁ?,T Dr * 9 (279)
Y. TMC_POPAFQg,

IR=1

where:
QRECR = Regional fuel consumption by recreational boats in year T

3F-4. Lubricant Demand Model

The growth in demand for lubricants is considered to be proportional to the growth in highway
travel by all types of vehicles. Total highway travel is first determined:

HYWAY = VMTEE; + FTVMT, + FLTVMT, (280)

where:
HYWAY = Total highway VMT
FTVMT = Total freight truck VMT, from the Freight Module
FLTVMT = Total fleet vehicle VMT, from the Fleet Module
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Lubricant demand is then estimated:

HYWAY JBETALUB
LUBFD; = LUBFD;_, * W (281)
1

where:
LUBFD = Total demand for lubricants in year T
BETALUB = Constant of proportionality, relating highway travel to lubricant demand

Regional allocation of lubricant demand is finally determined by regional weighting of all types of
highway travel:

((VMTEE; + FLTVMT;) + SHRMGg:) + (FTVMT; + SHRDS )
HYWAY

QLUBRg; = LUBFD; * (282)

where:
QLUBR = Regional demand for lubricants in year T, in Btu
SHRMG = Regional share of motor gasoline consumption, from SEDS
SHRDS = Regional share of diesel consumption, from SEDS
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Figure 3F-2. Military Demand Model
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Figure 3F-3. Mass Transit Demand Model
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Figure 3F-4. Recreational Boating Demand Model
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Figure 3F-5. Lubricant Demand Model
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RATIONALE

Vehicular emissions at the national level account for roughly two-fifths of total Carbon gnd NO
emissions. This importance is reflected in the prominent role vehicles have in the Clean Air Act
Amendment of 1990 (CAA90). This module reports vehicular emissions based on both the mix of
vehicle technologies utilized over time, and the age distribution of these vehicles. This is a
significant improvement over the predecessor model, which does not keep track of the level of
emissions associated with vehicles. In NEMS, emissions from new, conventionally powered, light-
duty vehicles decline over time in accordance with the provisions of the CAA90. Emissions may
decline even further as alternative sources of energy and new technologies are utilized by light-duty
vehicles. Direct emissions from battery-powered vehicles, for example, are zero. Specific
pollutants addressed in this module include,S@0,, CO, and Volatile Organic Compounds
(VOC). The emissions module is currently inoperable. Carbon emissions from the transportation
sector are calculated in the Integration Module.

MODEL STRUCTURE

The solution algorithm consists of multiplying levels of travel by appropriate average emission
factors for each mode of travel. Emission factors depend on the mix of technologies and fuels
utilized within a mode. For example, the emission factor used for light-duty vehicles depends on
the miles traveled utilizing each light-duty vehicle technology and fuel combination (see chapter 2).
Even if no change occurs in the mix of technologies utilized in light-duty vehicles, emissions per
vehicle-mile traveled will decline in the forecast as more stringent standards are phased in and older
more polluting vehicles leave the fleet. It should be noted that the emissions factorglymplic
reflect the effect of fuel efficiency improvements on emissions and assume the compliance with
increasingly stringent standards concerning other criteria pollutants. In the equation below, light-
duty vehicle and freight truck emissions are estimated in units of grams of pollutant per mile of
travel to be consistent with the definitions of vehicle emission standards.

EMIS$E,|M,|R,T = EFAC-HE,IM,IR,T * UIM,IR,T (283)

where:

EMISS = Regional emissions of a given pollutant, by mode of travel

EFACT = Emissions factor relating measures of travel to pollutant emissions
U= Measure of travel demd, by mode: units in VMT for highway travel, gallons of fuel

consumption for other modes

IM = Index of travel mode: references individual vehicle types used in the preceding modules
IE = Index of pollutants: 1=C, 2=CO, 3=G@=SQ, 5=NQ, 6=VOC, 7=CH4, 8=PM, 9=HC
IR = Index identifying census region
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The development of the emissions factors is documented in Appendix E, Attachment 7.
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Figure 3G-1.

Vehicle Emissions Module
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